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ABSTRACT 
Documentation of air pollution and sources in the emirate of Abu Dhabi 
has never been reviewed in terms of it effect on health. No research by means 
of a population-based study has been conducted in order to define the 
important epidemiological characteristics of air pollution in human health. 
Therefore, the present study was designed to investigate the levels of air 
pollutants in the environment of Abu Dhabi Emirate, and the effects of air 
pollution on human health. Additionally, a comprehensive time-series analysis 
was performed on the air quality data for a period of four years (1998-2001). 
The study was undertaken by conducting comparison of pollutants 
including measurements of particulate matter less than 10 micron, ozone, 
sulphur dioxide, nitrogen oxides and carbon monoxide at three different areas. 
In addition to the prevailing meteorological factors such as wind speed and 
direction, temperature, and relative humidity at three different locations, as 
following: 
� The FECC site in Salam Street which is represents a highly populated 
area with heavy traffic and commercial area. 
,.. Mussafah, a main industrial area. 
,. Bateen, representing levels in a residential location. 
An epidemiological study was performed on respiratory and non­
respiratory patients admitted to AI-Jazeerah and AI-Mafraq hospital from the 
annual reports in Abu Dhabi Emirate, for the period spanning January 1999- to 
December 2001. 
Results showed that the critical air pollutants in Abu Dhabi city in United 
Arab Emirates (UAE) were nitric oxide, particulate matter (PM10) and ground 
ozone above the national ambient air quality standards and the proposed 
standards for Abu Dhabi city. However, carbon monoxide and sulphur dioxide 
were below the (NMOS) standard and proposed standard for Abu Dhabi city. 
Also that the Mussafah industrial area was more polluted than the FECC , 
commercial and Bateen residential areas according to air quality index. There 
VI 
was a possible effect from the oil fields both onshore/offshore, Mussafah 
emissions on the quality of the atmosphere in the FECC and Bateen areas. 
Other possible sources of pollution were power plants and traffic. 
Furthermore, there was a strong association between increasing ozone 
levels and patients admitted for respiratory diseases. Also, there was strong 
association between increasing S02 levels and admitted patients for non­
respiratory diseases. This study indicated the importance to develop a new 
control strategy to manage and improve the air quality there. However, 
consideration should be given to the future expansion of towns and cities 
towards industrial emission sources, and a potential decrease in the air quality 
of residential areas as a possible consequence. 
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INTRODUCTION 
1. 1 THE ENVIRONMENT 
The "environment" mean everything in the surroundings of an organism that could 
possibly influence it and we must real ize that "environment" is never static. Physical 
forces continuously change the surface of the earth through weathering, action of water, 
wind and natural phenomena such as vo lcanoes. At the same time they introduce gases, 
apour and du t into the atmosphere. These can return to the sea or the land over a great 
d istance from their sources. L iving organisms also p lay a dynamic ro le through 
re p iration. excretion and ult imately death and decay, recyc l ing their const ituent 
e lements through the environment ( Reeve& Banes, 1 994) .  
1.2 THEAlR 
A necessary first step toward understand ing air pollut ion and how to control it is to 
understand the composit ion of air .  Air is a mixture of individual gases that constitutes 
the atmosphere. The gaseous mixture has uniform composit ion in the troposphere where 
most the air we breathe is located. Normal air contains about 78% nitrogen (N2) and 
2 1  % oxygen (02), 1 % argon (Ar) and 0.03% carbon dioxide (C02) also traces of other 
gases. Most of them bring inert. The concentration, by vo lume, of each gas in the 
atmosphere is given in (Table 1 - 1 ) . Normally, air contains 1 -3% water vapor by vo lume 
(Manahan, 2000). 
Recent ly, the amount of CO2 was reported to be increasing by a rate of 1 . 8 mg/m3 
per year, accompanied by a decrease in the oxygen rate leading to significant rise in 
earth's surface temperature ( Kemp, 1 994; Montgomery, 1 995) .  
Ta b le 1 - 1 :  Content of atmosphere ga es i n  c lea n,  dry a ir  at gro u n d  level. 
Gas 
1-1ajor components 
I itrogen( J 
Oxygen (OJ 
"'fin or components 
Argon(Ar) 
Carbon dioxide (CO;) 
eon 
Helium(He) 
Krypton(Kr) 
Xenon(Xe) 
Trace gases 
Hydrogen (H1) 
Dinafrogen oxide(N10) 
Carbon mOlloxide(CO) 
Metltane(CH4) 
Ozone (OJ) 
Ammonia(NHJ) 
Nitrogen dioxide(NO;} 
Nitric oxide(NO) 
Sulfur dioxide(S01) 
Hydrogen su/jide(HS) 
Source: Manahan (2000) 
1.3 AIR POLLUTION 
1.3. 1 Definition 
Concentration, ppm by 
volume 
780,840.00 
209.500.00 
9,340.00 
360.00 
1 8. 1 8  
5 .24 
1 . 1 4  
0.087 
0.50 
0.3 
0. 1 2  
l .60 
0.02-0.07 variable 
0.006 
0.001 
0.0006 
0.0002 
0.0002 
Concentration, % by volume 
78.08 
20.95 
0.934 
0.036 
0.00 1 8 1 8  
0.000524 
0.000 1 1 4  
0.0000087 
0.00005 
0.00003 
0.0000 1 2  
0.000 1 6  
0.000002-0.000007 
0.0000006 
0.000000 1 
0.00000006 
0.00000002 
0.00000002 
2 
I n  our daily l ife we come across many airborne chemica ls. Are al l  these chemicals 
termed air po llutants? We can see that there is a need to defme an air po llutant . A 
contaminant that affects human l ife, plant l i fe, animal l ife and property or a 
contaminant, which interferes with the enjoyment of  l ife and property, could be termed 
as an air pol lutant . Different countries have d ifferent legal defmit ions for an air 
3 
pollutant. However, the above defInition gives us an idea. The Ohio EPA provides the 
definition o f  "air po llutant " or "air contaminant" as part iculate matter, dust, fumes, gas, 
mi t, smoke, apor or odorou sub tances, or any combinat ion thereof. An air po l lutant 
can be defIned ba ed on the concentration of  the chemical present in the environment. 
The composition of c lean air (Table 1 - 1 )  is used as a benchmark. I f  the concentrat ion of  
a chemical i s  above the concentrat ion o f  the chemical present in a ir, it i s  then termed as 
an air po llutant. 
There are two basic physical forms of air pol lutants. The first is gaseous form, i .e .  
nitrogen d io ides, ozone and sulphur d ioxide exists  in the form of a gas. The gases lack 
defmite volume and shape and the molecules are widely separated. The second form o f  
air po llution i s  part ic les such a s  smoke, dust, fl y  ash and mists. 
Po l lutants are also c lassi fied as primary pollutants and secondary po llutants. 
Primary po llutants remain in the same chemical form as they are released from a source 
d irect ly into the atmosphere, i .e .  sulphur d ioxide and nitric oxide. Secondary pollutants 
are a result of chemical reaction among two or more pollutants. The production of 
ozone during photochemical react ions is an example of a secondary pollutant . 
However, pollution means the introduction by man, d irect ly or indirectly, of 
substances or energy into environment result ing in deleterious effects on nature and 
human health that harms l iving resources or interferes with amenities or other legit imate 
use of the environment ( Reeve & Banes, 1 994) .  Furthermore, Kupche l la & Hyland 
( 1 993) reported that the concept of air po llut ion is mainly defmed as the presence of 
contaminants in the a ir to such a degree that the air causes problems or the use of air as a 
resource is impaired. In  simple words, air po l lution means the presence of substances or 
energy in a higher than natural level which e ffects l iv ing organisms, materials and 
c limate and makes the environment unpleasant . 
1.3.2  Criteria pollutants 
The EPA uses six "criteria pollutants" as indicators of air quality. These pollutants 
can injure health, harm the environment, and cause property damage. The current criteria 
pollutants are: particulate matter with aerodynamic size less than or equal to 1 0  
4 
rrllcrometer (PMIO), ozone (0)), carbon monoxide (CO), nitrogen dioxide (N02), sulfur 
dio ide ( 02)and lead ( Pb) . 
In  thi study, all of the criteria pollutants will be discus ed with exception of lead 
(Pb). 
A. Particulate matter PM/o 
Part iculate is a term that has come to stand for part icle matter in the atmosphere. 
Part iculate matter is classified as primary or secondary in its origin. Primary particles 
are d irectl  emitted from sources, while secondary particles are formed from gaseous 
precursors, including sulfur oxides and nitrogen oxides (Nriagu, 1 992). 
Part iculate matter is a heterogeneous c lassification of liquid and sol id aerosols 
which includes anthropogenic emission from fuel combust ion (coal, oil, and biomass), 
transportat ion, and high temperature industrial processes (Manahan 2000) . Although 
natural processes which include sandstorms, blowing salt spray from the sea surface, 
natural forest fires, and volcanic eruption. The most part iculate in air pollution studies 
ranging from 0.0 1  to 1 00l1m in size, are fumes, cement dust, fly ash carbon black, and 
sulfuric acid mist, as shown in Table 1 -2 .  
The sett leable part ic les are general ly greater than l Ol1m in size, and the suspended 
part iculates ranging from > 1 11m to 20 11m ( Peavy et aI, 1 988) .  Therefore, most 
part iculate a ir pollutants are ones with equa l and less than l Ol1m. 
I n  1 984, the EPA proposed a new indicator (PM,o), which includes only particulars 
with an aerodynamic diameter smaller than or equal to 1 0  11m, so it is invisible and most 
likely to be inhaled and remain in the lungs to the greatest extend. Then it will cause 
injury by itself  or may act with gases to increase the effect on the body, because they 
provide an active surface upon which heterogeneous atmospheric chemical react ions 
can occur (Nriagu, 1 992).  
However, particulate pol lut ion is  a local problem, most severe c lose to its source, 
and a problem for a short t ime only ( Montgomery, 1 995). The major sources of PMIO 
are automobile exhaust, wood burning, industrial act ivity, construct ion, and other 
sources. 
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Table 1-2 :  Pa rt icu late m atter cia sification a nd ou rce . 
Cia Subc\as Size source 
Du t Sol id 1 - 1 0000 J..lm Break up larger masses (grinding) 
Processes of materials  (cement) 
Mechan ical operation (sand blasting) 
FI a h Sol id Same Com bustion of coal 
inorganic meta l l ic  
Spra Liquid l O-I OOOJ..lm Atom ization of parent I iquids as pesticides and 
herbicides. 
Mi t Liquid > 1 0J..lm Fonned by condensation of a vapor or by the 
chemical reactions. 
Smoke Sol id 0.5 - 1  J..lm I ncomplete combustion of organic consist 
carbon and other. 
Fume Sol id 0.03-0.3 !lm Condensation of vapor from subl imation, 
Meta l l ic oxides dist i l lation and calcinations. 
B. Ozone (03) 
Ozone is a secondary po llutant product from movement of stratospheric ozone and 
photochemical processes. Photochemical react ions mainly invo lve nitrogen oxides and 
hydrocarbons. Ozone and nitric oxide (NO) would react to form nitrogen dioxide (N02) 
and oxygen (02) and therefore would not add to the accumulat ion o f  ozone. But i f  
hydrocarbons are present, the nitric oxide w i l l  react with them leading t o  the 
accumulat ion o f  ozone ( WHO, 1 978).  Hedley et al. ( 1 994) found that nitrogen oxide is 
the main source of 03, 
Kleinman el al ( 1 994) reported that an active photochemistry favored by high solar 
intensity, temperature, and absolute humidity, which are common-summer t ime 
conditions-especially in the U.A.E .  Consequently, the daily peak of ozone concentration 
usually occurs around the mid-afternoon during the summer months, with the low ebb 
occurring during the night periods. Many studies have reported that 03 depletion starts 
after sunset . 
Harrison ( 1 992) found that concentrations of ozone measured at ground-level 
commonly exceed 1 00 ppb and on a severe occasion in southern England have been 
6 
ob erved to be more than 250 ppb, with a background of ozone ranging between 20-50 
ppb. 
C. Carbon monoxide CO 
Carbon monoxide (CO) is a co lorless, odorless, tasteless gas that has been a major 
pollution concern for many decades because it is a highly poisonous gas. Carbon 
monoxide is produced as a result of incomplete combust ion of  carbonaceous fuels, 
gi ing CO instead of CO2. This process depends on four factors: combustion chamber 
residence time, turbulence, f lanle temperature, and oxygen concentration (Nebel, 1 990; 
Corbitt, 1 990). 
The major source of CO is car exhaust gases ( Harrison, 1 992). Other sources are 
industrial and inc lude foundries, power plants, petroleum refineries Kraft pulp mills, 
and the burning of solid wastes (Taripathi, 1 993) .  
D. Nitrogen oxide NOx: 
These include several nitrogen-oxide compounds, but the most significant 
pollutants are nitric oxide (NO) and nitrogen dioxide (NOz). At high combustion 
temperatures, some of the nitrogen gas (N2) is oxidized to form nitric oxide (NO), which 
is relat ively harmless. I n  the air NO reacts immediately with addit ional oxygen to 
produce nitrogen d ioxide (N02) .  Nitrogen dioxide absorbs light and is largely 
responsible for the brownish color of photochemical smog (Nebel, 1 990). 
The major source of nitrogen oxides is the combustion of  fuel-espec ially from 
transportation, fo llowed by e lectric power generation and space heating ( Taripathi, 
1 993) .  
The adverse effects of  exposure to  nitrogen oxides include irritation to  the human 
respiratory tract and damage to plants ( Harrison, 1992 ) .  
E. Sulphur dioxide SO] 
Sulphur dioxide is a colorless gas, poisonous to humans, animals and plants. I t  can 
be tested in air at 0.3 - 1  ppm. Clean air includes 0.2- 1 0  ppb, as shown in Table l - I .  
H arrison ( 1 992) reported that the major source of sulphur dioxide in United Kingdom 
was the combustion of fossil fuels containing sulphur at power stations. Other sources 
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are the industrial proces e of smelting, paper manufacturing, food preparation, and 
p troleum refining (Taripathi, 1 993) .  
1.4 SOURCES OF AIR POL L UTION 
1 .4. 1  Anthropogenic sources 
Table-I-3 shows the major man-made air pollution source categories including 
combu t ion of oil, gas, biomass and coal power generat ion, transportation, chemical 
proces es, petroleum recovery, refining, and distribut ion. 
Anthropogenic air pollution has been and continues to be a serious problem. It is 
dominated by our use of energy for home heating, hot water, and industrial processes 
uch a convert ing raw materials into consumer products ( Montgomery. 1 995 ).  
1.4.2  Natural sources: 
Natural air pollution contributes to atmospheric pollution and sometime may pose a 
erious air quality problem. I t  may be subdivided into releases from physical or 
biological processes. The physical processes entail venting of gases from the earth's 
crust in the form of volcanic eruptions, volatile hydrocarbon seepage, electric storms, 
soil erosion, and mineral weathering. B iological processes include fermentation, 
denitrification in soil and water, and volatile hydrocarbon release from vegetation 
( Montgomery, 1 995).  
1. 5 EFFECTS OF A IR POLLUTANTS 
1. 5. 1  Particulate matter PM]o 
A. On human health 
The health effects of suspended part iculates depend on their size, but they can pass 
into the lungs with soluble components entering the bloodstream. They may also carry 
toxins and carcinogens with them. During the 1 990's there was resurgent interest in the 
health effects of PM IQ, fol lowing evidence of short-term and long-term associations 
between levels of PMIQ  and mortality and morbidity ( Pope et aL 1 999) . 
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Ta ble 1-3 : Natu ra l  a n d  m a n -made sou rces of critica l pol lutants in  troposp here 
I Compound atural ouree Man-made source 
o idation of natural methane, Oxidation of manmade hydrocarbons; 
I Carbon o. ide oxidation of natural hydrocarbon , incom� lete com bust ion of wood, oi l ,  gas, and m icrobial proces es in oceans and coal, III particular: motor veh icles; industrial 
I soi l, forest fires processes; blast furnace 
I Nitric oxide 0 Forest fires; anaerobic processes III Combustion of oi l ,  gas, and coal I soi l ;  electric storms 
Combust ion of oi l ,  gas, and coal ( lndustrial 
I Nitrogen dioxide O2 Forest fire; electric storm processes, power stations, heating) atmospheric 
transformat ion of NO 
I Sulfur dio ide O2 o idation of H2S; volcan ic act ivity Combust ion of oi l  and coal; roast ing sulfide ores 
Ozone 0, I Stratosphere, natural 0-N02 Man made NO-N02 conversion con erslon 
Volcan ic eruption ,  natural forest fires Fuel combustion, industrial processes, heating Part iculate matter(PM 1 0) and erosion of dust by wind, and 
blowing salt  spray off the sea surface boi lers, general fuel, bum ing of vegetation 
Source: Montgome ry ( 1 995)  
Both historically documented episodes and more recent t ime-series studies link 
PMIO  to adverse effects on morbidity and mortality. The sudden increase in illness and 
death seen in the London air pollut ion episode of  1 952 and the Donora incident of 1 948, 
was as ociated with high concentrations of  PM and S02. There is little doubt that 
pollut ion exposure caused those adverse effects. During the London episode, 
measurements of particles and S02 reached levels at least 1 0-fold greater than peaks 
found in the most polluted cities in the United States at present . As noted, 3,000-4,000 
excess deaths were attributed to this 1 952 episode. An air pollution episode a decade 
later, which had similar S02 concentrations but much lower particle concentrations, was 
associated with about 800 excess deaths. This suggests that excess deaths from the 1 952 
event may have been more closely associated with PM than with S02 pollut ion ( Lambert 
et aI, 1 998). Over the last decade, numerous reports of t ime-series analyses have 
assessed the association of daily mortality counts with levels of PMIO and other 
pollutants on the same or previous days (U .S .  E PA, 1 996; Saldive et a� 1 995) .  Overall, 
these studies show associations with measures of PMIO concentration that is robust with 
respect to control for levels of other pollutants and to control for weather ( Samet et aI, 
2000) .  However, the findings of several long-term cohort studies, including the Cancer 
Prevention Study of the American Cancer Society ( Pope et ai, 1 995; McDonnell et aI, 
2000) suggest that there may be a long-term effect of  PM 10 on mortality. 
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Particle concentration ill outdoor air has also been associated with morbidity, 
particularly in the elderly. A series of reports based on Medicare data have assessed 
a ociations between hospital admissions in the elderly and levels of PMIO and other 
pollutant . The e tudies indicate an association between PMIO levels and increased risk 
for adrni sions for respiratory causes, and for cardiovascular cause disease (Samet et aL 
2000). The potential mechanisms linking inhaled particles to acute cardiac consequences 
are still uncertai.n, although hypotheses have been offered concerning lung inflammation 
with effects on the heart (Seaton et ai, 1 995).  These studies suggest that ambi.ent 
particulate pollution, even at relatively low concentrations, exacerbates chronic 
respiratory conditions in adults (Lambert et aI, 1 998) .  
Particle concentrations have also been associated with respiratory morbidity in 
childre� a as es ed by rates of hospital admissions emergency room visits, and by 
direct assessment of symptoms and lung function level (pope et aL 1 999). Furthennore, 
Schwartz et al. (1989) reported an association between PMIO concentrations and daily 
rates of lower respiratory tract symptoms, in a diary study of school children in the 
Harvard ix Cities study. 
B. On vegetation 
Presence of dust of particulates on leaves can inhibit growth; particulates cover 
leaves and spill stomata, therefore reducing the absorption of CO2 from the atmosphere 
and the density of sunlight which will reduce the photosynthesis process in the plants 
thus reducing plant growth (Peavey et aL 1 988; Elsom, 1 992). It also increases plant 
sensitivity to infection and damages leaves (LLS 1 990) . 
C. On materials 
Particulate may cause corrosion either by their intrinsic corrOSIveness or by the 
action of absorbed corrosive chemicals. Smeary of building in cities is the most obvious 
manifestations of atmosphere pollution (Elsom. 1 992). However, particulates can erode 
building surfaces, discoloring painted surfaces. For example, the presence of S02 
moisture and particulate matter concentrations ranging from 1 30- 1 80 Ilg/m3, could cause 
corrosion of steel and zinc panels (Peavey et aI, 1 988) .  
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1. 5.2  Ozone (03) 
A. On human health 
Ozone and other photochemical oxidants injure the epithelial surfaces onto which 
the are adsorbed. Eye irritation by 03 occurs at about 0. 1 - 0 . 1 5  ppm, with the intensity 
of e e irritation increasing progres iveJy as the concentration exceeds this value (Elsorn.. 
1 992). Experimental animal studies have shown increased permeability and 
inflammation of airways and decreased host defense functioning as a result of acute 03 
e po sure (Peavy et aI, 1 988) .  The effects of 03 on airways and alveoli have been 
evaluated in tudies in which human subjects have been exposed while at rest and while 
e ercising in a chamber (on a stationary cycle or treadmill). Decrements in measures of 
lung function and physical performance, aggravation of respiratory tract symptoms, 
increased airway reactivity and evidence of acute inflammation have been demonstrated 
at exposure Ie els as low as 0.08 ppm (McDonnell et al, 1 983; Avole et aI, 1 984). 
Exposure of healthy individuals (including children) to relatively low 03 
concentrations can cause lung inflammation, acutely decreased lung function, and 
respiratory impairment (Lambert et ai, 1 998) .  Significant losses in lung function and 
symptoms of cough and pain with deep breathing have been observed after prolonged 
exposure to 03 concentrations at 0. 1 2  ppm (Folinsbee et al 1 988) .  Similar acute, 
reversible changes in lung function have been observed in exercising children exposed 
to 0. 1 2  ppm of 03 (McDonnell et ai, 1 985; Avol et ai, 1 987) .  These results suggest that 
children and adults who engage in prolonged exercise or labor outdoors may be at risk 
for adverse health effects at 03 concentrations near the ambient standard and typical of 
summer-time levels in some cities (Lambert et aI, 1 998) .  A recent study of children in 
Los Angeles, California also found lower lung function associated with peak 03 
exposure, particularly among children reported to spend more time outdoors (peters et 
ai, 1 999). 
Thurston et al. ( 1 999) found associations of 03 concentrations with cardiac and 
respiratory admissions, even after taking other pollutants into consideration. A recent 
study carried out in Paris observed a significant role of ozone as a stirrer for asthma 
attacks in children, despite ozone levels that never exceeded the ambient air quality 
standard (Fauruox et aI, 2000). These findings have added to the concern that the health 
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effects of 03 e po ure may till constitute a substantial public health problem, even at 
concentrations around current tandards. 
B. On vegetatiol1 
Ozone can cau e acute and chronic injury to plants, causing necrotic patterns on 
leaves, growth alterations, reduced yield and reductions in the quality of plant products. 
Low concentrations inhibit plant growth and higher concentrations damage leaves, i.e. 
the sen itive pecies will show ozone injury after exposure of 0.03 ppm for 8 hours 
(Pea et at 1988). 
Ozone cau es more plant damage in the U . . than any other air pollutant. Ozone 
concentrations below 0.2 ppm can be phytotoxic and can cause flecks on the upper 
surfaces, premature aging, and suppressed growth. Higher concentrations (i.e. above 0.2 
ppm) can cause leaf bleaching, necrosis and bleaching. In general, it can damage 
forests and crops and be aesthetically displeasing, resulting in heavy economic losses. 
C. On materials 
Ozone is an active compound and readily oxidizes paints, rubber textile fibers and 
stains. Ozone causes cracking of stretched rubber at hourly concentrations of only 0.0 1-
a .12 ppm, although ozone inhibitors can be built into rubber products such as vehicle 
tires and rubber insulation (Elsom, 1992). Technology is available to guard rubber, 
fabrics, and stains but at a high cost (Peavy et aI, 1988). The degree of damage depends 
upon the nature of elastometric compound, elastometric stress, exposure duration, 
ozone concentration.. rate of ozone contact with material, and temperature. In fact tire 
manufacturers add a special anti - ozone compound to all tires sold in areas having high 
ozone content. 
1. 5.3 Carbon monoxide CO 
A. On human health 
Carbon monoxide (CO) represents a fairly common hazard associated mainly with 
the build-up of vehicle exhaust fumes; produced from any hydrocarbon fuel burning 
equipment when incomplete combustion takes place. 
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The health ignificance of carbon monoxide as an air pollutant is that it combines 
with hemoglobin, competing with oxygen to form carboxyhemoglobin (COHb) 
(Harri on, 1992). Becau e the affinity of carbon monoxide for hemoglobin is greater 
than oxygen there orne doubt that e en low concentrations of carbon monoxide are safe. 
To illu trate. patients with angina pectoris showed earlier pain during exercise when 
levels are as low as 2% OHb. The amount of carboxyhemoglobin in the blood is 
expre ed as a percentage of the saturation level, %COHb, depending on three factors: 
the CO concentration, the time exposed and the breathing rate (Masters, 1991) 
shown in Table 1-4 the high exposure can cause respiratory failure or death, but 
prolonged exposure to low-level outdoor CO may lead to development of carboxy 
hemoglobin levels at which adverse health effects have been clinically demonstrated for 
su ceptible persons. Conditions such as chronic respiratory disease, cardiovascular 
disease, and pregnancy may put significant fractions of the population at an elevated 
risk. Recent time-series studies show evidence of associations of CO with mortality and 
hospitalization (Lambert et aI, 1998). 
Table 1 -4 : H ea lth effects of C O H b  at va rious levels i n  the b lood 
COHb level, % Demonstrated effects 
Less than 1 .  0 No apparent effect 
1 .0-2 .0 Some evidence of effect on behavioral 
performance 
2 .0-5 . 0  (20 ppm -72 .2 ppm) Central nervous system effects; impairment of 
time interval d iscrimination, visual acuity, 
brightness d iscriminat ion, and certain other 
psychomotor functions 
Greater than 5 .0 (>72 . 2  ppm) C ardiac and pulmonary functional c hanges 
1 0 .0 -80.0 (> 1 63 ppm) Headaches, fat igue, drowsine s, coma, 
respiratory fai lure, death 
Source: Peavy et al .  ( 1 988) 
B. On vegetation 
High concentrations of carbon monoxide cause plant growth abnormalities (Elsom, 
1992). 
C. On materials 
The effect of carbon monoxide on materials was not available. Therefore, the effect 
could not be discussed. 
1. 5.4 itrogen oxide NOx 
A. On human health 
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itric oxide N O  has no known adverse health effects at concentrations found in the 
atmosphere. The direct health effect of N02 itself are still uncertain, but as part of a 
comple mixture of primary and secondary pollutants are known. Consequently, 
characterizing the effect of N02 in outdoor air has proven difficult. The contribution of 
N02 to secondary particles and its role in the fonnation of 03 may be more relevant to 
public health than any direct effect of the gas. However, N02 does have the potential to 
compromise re piratory health. This oxidant gas combines with water in the lungs to 
form nitric and nitrous acids, which are believed to damage the lung epithelium via 
oxidation mechanisms (Mustafa et aI, 1 978). In a study investigating the relationship 
between daily asthma admissions and air pollution over a five year period in London, a 
significant association was found between N02 and daily admissions for asthma 
(Anderson et al, 1 998). Also, in a paper from the 9th World Clean Air Congress about a 
study done in small areas with different vehicular traffic burden in Gennany improved 
that with a higher N02 burden (63-76J.lg/m3) , the irnmunoglobin I GM (indicator of acute 
infections) is slightly increased. I t  also slightly increases the risk of asthma bronchial. In 
addition , one study by Goings et al., ( 1 989) on the effects of acute N02 exposures of 1-3 
ppm on 1 52 young, nonsmoking adults found that during the first 2 years of the 
investigation there were no statistically significant differences in immune response to 
controlled influenza infections between subjects and controls (similar adults not exposed 
to NOz) .  However during the third year, 90% of the subjects developed an antibody 
response to exposure. Although these results suggest an effect, they are limited by the 
small sample size and the possibility that susceptibility to infection may have varied 
across the 3 years because of immunity acquired from natural influenza infections 
(Lambert et aI, 1998). A study in Brazil reported a significant association between daily 
respiratory mortality and nitrogen oxides, in children under five years old (Saldive et aI, 
1995). 
B. On vegetation 
A nitrogen oxide contributes to acid rain and smog which may affect terrestrial and 
aquatic ecosystems (LLS, 1 990). A high concentration of nitrogen oxides may cause 
damage levels and inhibits plant growth. 
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l: ()n r.naterials 
pO ure to a high level of NO'( may cause tarnishing of texti le, yel lowing of  white 
fabric, and 0 idation of metals ( Pea , 1988). 
1. 5. 5  Sulphur dioxide S()] 
A. ()n human health 
The major health concerns as oc iated with exposure to high concentrations of  S02 
inc lude effects on irritation of respiratory tract and increased difficulty in breathing 
among some ensit ive people. Children, the elderly, and people with asthma, 
cardio ascu lar d isea e or chronic lung disease, are most susceptible to adverse health 
effect associated with exposure to S02. 
The odor threshold i about 0.5 ppm and 6-10 ppm causes irritat ion of the eye, nose, 
and throat . Hence, S02 is commonly associated with increases in hospitalization and 
mortality rates from cardiorespiratory disease. Actual ly, sulfur oxides could present a 
greater problem than other pollutants, because of their particular deleterious effects in 
combination with particulates and with other gases as shown in Table 1-5. However, in 
a recent study, an association between daily cardiovascular mortality and sulphur 
dioxide was found in elderly people (Gouveia et aI, 2000). 
B. ()n vegetation 
P lants are apparent ly sensit ive to S02 during intensive sunl ight, high relative 
humidity, moisture, and moderate temperature. Also, during the growth season SOz 
produces two types of injury on leaves and p lants-acute and chronic, depending on the 
concentration and period of exposure. The acute exposure of S02 causes dead t issue on 
the margins of  the leaves. On the other hand the chronic exposure cause brownish-red or 
bleached white areas on the l imb of  the leaf. However, the threshold o f  plant injury for 
S02 is around 0.3 ppm to 0.8 ppm exposure for 8 hours ( Peavey et aI, 1 988). 
Sulphur dioxide has same the effects of nitrogen oxides. I n  add it ion, sulphur 
d ioxide causes acute injury to plants such as leaf spott ing. 
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C. On materials 
ulphur dioxide cau e substant ial damage to materials such as limestone 
and tone, m rtar and late. For e ample, calcium carbonate in limestone and other 
building material i readi ly converted into soluble calcium sulphate, which leaves a 
pitted, disco lored surface. 
Al 0, paper is affected b O2. Paper absorbs S02 which when oxidized, paper 
become britt le .  However, many metal such as nickel, steel, zinc, iron and copper, 
corro e-e pecially at high relati e humidity (over 70%) .  
Table 1-5 : Summary o f  health effects of su l fur oxides when accompanied by other pol lutants. 
Concentration in Accompanied by Time Effect 
�m 
0.52 E levated particulate 24- hour average 
matter 
0 . 2 5  smoke 24- hour average 
0 1 9  Low particulate 24- hour average 
matter 
0. 1 1 -0 1 9  Low particulate 24- hour average 
matter 
0.2 1  Smoke 24- hour average 
0.037 ---0.092 Smoke Annual mean 
0.46 Smoke Annual mean 
0.04 Smoke Annual mean 
Source: Peavy et a/ ( l 988) 
1. 6 CONTROL OF AIR POL L UTION 
I ncreased mortal ity 
Increased mortal ity 
Increased mortal ity 
Increased hospital adm iss ions and absenteeisn 
from work 
Accentuation of c hronic  lung disease symptoll 
I ncreased frequency of respiratory symptoms 
and lung disease 
Increased frequency and severity of 
respiratory diseases 
Increased mortal ity 
Control of air pol lut ion is not always easy, for it is impractical to e l iminate a l l  
emissions of a spec ific po l lutant . However, i t  i s  reasonable to  expect control of  
emissions to  the lowest possible level consistent with avai lable techno logy and within 
reasonable cost ( Henry & Heinke, 1 989). 
Air pol lutant emissions can be decreased either by converting dangerous compounds 
to less harmful ones or by trapping po llutants at the source prior effluent release. There 
are many techno logies for c leaning air. 
1. 6. 1 Control of particulate matter emission 
A.  Dry centrifugal collector. (Cyclone � 
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Cyc lone effect ively remove 50%-90% o f  large part icu late matter, but remove few 
mall and medium-sized ones. I n  cyc lones, part iculate burdened air is passed through a 
metal cy l inder. Th part icu late matter is co l lected on a separator wall that it strikes on 
through centrifugal force. Then the prut iculates fal l  to the bottom of  the cyc lone, where 
the can be removed (Chiras, 1 99 1 )  
B. Fabric filter 
A fabric fi lter consists of a series of fabric bags that a l low the gas to passes through 
it, fi ltering out the particulates. So, fi lters separate part iculate matter from stack gases 
with high efficiency; approximately 99% for particulates down to 0.5 /lm in d iameter, 
but they do not remove gases ( Manahan, 2000; Chiras, 1 99 1 ). 
C. Electrostatic precipitators 
E lectrostatic precipitators are also used for removing particulates. They are about 
99% efficient (Chiras, 1 99 1 ). I n  electrostatic prec ipitators, gas steam is passed through 
high-voltage electric ity, which charges the part iculates. The charged particles attach to 
the wall o f  the device, which is oppositely charged. When the current is turned off, the 
part iculates fal l  to the bottom and can be removed. This device may produce ozone i f  
not operated properly ( Manahan, 2000). 
1. 6.2 Control of sulphur dioxide emissions 
Scrubbers are used to remove both part iculates and gases such as sulphur d ioxide. 
In the scrubbers, the gases are passed through the device, and then a scrubbing liquid is 
injected at a right angle, removing the part iculates. Furthermore, to remove pol lutant 
gases, scrubbers may serve as ext inct ive to cool exhaust gases ( Manahan, 2000). There 
are variet ies of scrubber used to remove sulphur d ioxide from stack gas. Table 1 -6 
summarizes major stack gas scrubbing systems. I t  also includes the significant 
advantages and d isadvantages of each system. 
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T b l  1 6 M '  a e - : aJor stac k gas sc ru bb'  1 0 9  system s  
significant advantages and 
Process Reaction 
d isadvantages 
L ime lurry crubbing a(O H h+ 02� Ca 03 + H2O Produce huge quantities of 
wastes 
Lime tone lurry scrubbing aC03+ 02� Ca 03 + CO2 
Lower pH than Lime slurry, 
not so efficient. 
Mg(OH Mslurry)+S02� T he sorbent can be regenerated, 
Magne ium 0 ide crubbing MgS03 + H2O which can be done offsite, if 
desired. 
N a2S03 +H20+S02�2NaH S03 H igh annual costs. 
Sodium-ba e crubbing 2NaH S03+heat� N a2S03+H20+S No major technological 
O2 (regeneration) l im itations. 
2NaOH+S02� Na2S03+H20 Allows for regeneration of 
N a2S03+ Ca(O H )  2 � CaS03 expensive sod ium al kal i Double alkal i (s)+ 2NaOH (regeneration of solution w ith inexpensive l ime. 
Source: Manahan. 2000 ( ) 
NaO H )  
1. 6.3 Control of nitrogen oxides emissions 
ince the combust ion of fuels is the major source of NOx emIssIons, the low­
excess-air fIring is the effective way to reduce the emissions of nitrogen oxides during 
the combustion o f  fuels by about 90%. Low-excess-air fIring is abstracted in two steps 
as fo l lows: 
1. F ir ing the fuel at a relat ively in high temperature which uses a minimum of 
excess air  required for oxidizing the fuel so low oxygen is avai lable. 
2. Burning the fuel at a relat ively low temperature in excess air, which wi l l  
prevent the format ion of  NO. 
1. 6.4 Control of carbon monoxide emissions 
Since the internal combustion engine in the automobile is the primary source of 
carbon monoxide emissions, control measures have been concentrated on changing the 
engine design thus reduc ing emissions. 
Many car manufacturers use catalyt ic converters to reduce carbon monoxide 
emissions by pumping excess air into exhaust gas, then the mixture of gases and air 
passed through catalytic converter, result ing in the oxidation of CO to CO2 ( Manahan, 
2000). 
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1. 6. 5  Control of ozone emi ions 
I f  we could control the NO,< and hydrocarbons, then we would be able to control 
ozone emission, since ozone is a econdary po llutant. 
1. 7 AIR QUALITY 
The primary aim of  air qual ity criteria is to provide a basis for protect ing human 
health from the ad r e effects of air po l lution and for eliminat ing, or reducing to a 
minimum, tho e air po l lutant that are known, or likely to be, hazardous to human health 
and wel l-being. 
I t  is important to take an integrated view of both health and ecological effects in air 
quality management . Significant adverse effects of pol lution on eco logical systems have 
been ob er ed at concentrations below those known to be harmful to humans and 
furthermore, ecological effects may have a significant indirect influence on human 
health and well-being (LLS, 1 990). 
Air qual ity criteria are based on a set of long-term goals for the protection of human 
health and the environment in the form of air quality standards. 
1. 7. 1  Air quality standards 
The USEPA has establ ished Nat ional Ambient Air Qual ity  Standards (NAAQS) at 
two levels. Primary standards are for the protect ion of  public health, even for the most 
sensit ive individua ls, inc luding e lderly and those with respiratory ai lments and include 
an "adequate margin of safety" . 
Secondary standards, for protect ions of public wel fare (e.g. ,  structures, crops, 
animals, and fabrics). Secondary standards are more stringent than primary standards 
but , in fact, they have usually been set at the same levels as primary standards. 
Air quality standards are decided for numerous samples averaging periods, because 
effects are dependent upon pol lutant concentration and exposure t ime ( Henry and 
Heinke, 1 989). 
National Ambient Air Qual ity Standards (NAAQS) now exist for six criteria 
pol lutants: carbon monoxide, lead, nitrogen dioxide, ozone, sulfur dioxide, and 
particulates with an aerodynamic diameter less than or equal to a nominal 1 0  /lID (PM IO). 
Table l -7 l ists the current ( 1 990) status of the N AAQS. It should be noted that the law 
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allov tate to e tabl ish standards that are more stringent than the NAAQS, as 
California ha done ( Master , 1 991). Air quality standards have also been set by other 
countri and agenc ie uch a the Kingdom of audi Arabia (Table 1 -8), Japan, the 
etherlands, the European Community, the World Health Organization ( WHO), and the 
United Nat ions Economic Commission for Europe ( UN ECE). 
Ta b le 1-7 : Nation a l  a m bient  air q u a l i ty sta n d a rds ( N A AQS) 
Pol lutant A eraging t i me Federal primary Federal secondary Objecti ve 
0 8hr 9 ppm None Limit carboxyhemoglobin 
1 0 1lg/m3 
J hr 35 ppm 
40 0001lg/m3 
O2 Annual 0.053 ppm same Prevent health risk and improve 
I OO Ilg/m3 visibi l ity 
I hr None None 
03 J hr 0. 1 2  ppm Same Prevent eye irritation, and 
235 �1g/mJ breath ing di fficulties 
8 hr 0.08 ppm same 
1 57 1lg/m3 
O2 Annual  0.03 ppm None Prevent increase in respiratory 
8O Ilg/m3 disease, plant damage, and odor 
24 hr 0. 14  ppm None 
3651lg/m3 
3 hr None 1 3001lg/mJ 
0.5 ppm 
I hr None None 
PM JO 3 months 1 .5 p.tg/mJ Same Prevent health problems 
24 hr 260 p.tg/mJ 1 5O Ilg/m3 
Annual * 50-60J..tglmJ 70-90 llg/mJ 
Lead ( Pb) Quarterly 1 .5 1lglm3 Same 
ource: U.S .E.P.A.  (NAAQS) 1 990. 
*These standards cannot be exceeded more than once per calendar year. 
1. 7.2 Proposed air quality standards for Abu Dhabi Emirate 
Ambient air qual ity standards are al lowable maximum levels of contaminat ion for 
the pollutants. The levels are to be set to protect the public health, with an adequate 
margin of safety. 
There are currently no statutory ambient a ir quality standards or guidel ines for Abu 
Dhabi.  In 1 997, as one part of the UNDP project, "Development of Environmental 
Management System" for the Abu Dhabi munic ipality, the ambient air quality standards 
for Abu Dhabi Municipal ity, as shown in Table 1-9, were proposed by an air quality 
special ist from Entec Europe. 
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1 8 Ta ble - : A m bIent  a I r  guabtv sta n d a rd s  or the  K i ngdom of Sa u d i  A ra bia 
Pol/utant Averaging Accepta ble N u mber of N u mber 
Time Period Maximum Al lowa ble of 
�g/m3 (ppm) Exceed ance Violations 
Su lfu r  Dioxide 1 -hou r 730 (0.280) 2 per any 30 days 0 
(S02) 
24-hours 365 ( 0 . 1 40) 1 per year 0 
Yea rly 80 (0.030) 0 0 
I n halable 24-ho u rs 340 1 per year 0 
Particu late PM 10 ( 1 5-micron)  
Matter 
Yearly 80 0 0 
( 1 5-micron)  
P hotochemical 1 -hour 295 (0.1 50) 2 per any 30 d ays 0 
Oxidants (03) 
Oxides of N itrogen 1 -hour 660 (0.350) 2 per any 30 d ays 0 
(N02) 
Yearly 1 00 (0.050) 0 0 
Ca rbon Monoxide 1 -hour 40000 (35) 2 per any 30 days 0 
(CO) 
8-hours 1 0000 (9) 2 per any 30 d ays 0 
Hyd rogen Su lfide 1 -hour 200 ( 0 . 1 40) 1 per year 0 
( H2S) 
24-h ours 40 (0.030) 1 per year 0 
Ammonia ( N H3) 1 -hour 1 800 (2.60) 1 per year 0 
Non-Metha n e  3-hou rs 1 60 (0.24) 0 0 
Hyd rocarbons 
( N M H C )  
Lead ( P b )  3-month 1 . 5 0 0 
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T bl  1 9 P a e - : ropose d r a m  lent  a I r  q u a  tty sta ndard s  fo r Abu Dhabi  E m i rate 
Pollutant A eraging Proposed standards Period �g/m3 ppm 
SOz 1 hour 350 0.133 
24 hour 125 0.047 
Annual 50 0.017 
O2 1 hour 200 0.110 
Annual 40-50 0.02 1 -0.026 
CO 
03 
PM to  
Source: FECC Re ort 1 997. p 
1 hour 
8 hour 
1 hour 
8 hour 
24 hour 
Annual 
1. 7.3 Natural background concentrations 
30.000 25 
1 0.000 8.7 
200 0.102 
1 20 0.060 
150 -
50 -
Available data regarding natural levels of some air po llutants are g iven in Table I -
10. It i an ea y way to judge the pol lut ion level by sinlply comparing it with natural 
background concentrations contributed by natural sources. 
Ta b le 1 - 10:  The n a t u ra l  backg ro u n d  con cen t rat ions  of pollu tan ts 
Concentration( pp b) 
Pa ra m eter Backg ro u n d  concentrat ion A pp roxim a te 
residence t i m e  
PM to  > 1 00 g/mJ 
CO in ppm < 1 .0 65days 
S02 in ppb 1 40 days 
NO in ppb 0.5--6 1 day 
N02 in ppb 1--5 1 day 
03 in ppb 5--50 
From : FECC report 1 997. 
1.8 AIR QUALITY INDEX (AQl) 
USEPA in 1 976, established a national ly unifonn air qual ity index for report ing air 
quality. This index was cal led po l lutant standards index ( PSI ) .  PSI provides information 
on pollutant concentrations for ground-level ozone, particulate matter, carbon 
monoxide, sulfur dioxide, and nitrogen dioxide. The index is normal ized across 
po l lutants so that the index value of 1 00 represents the level of health protect ion 
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as ociated with health-ba ed tandards for each pol lutant and an index value o f  500 
repre ents the significant harm level .  The descriptive term corresponding to PSI 
number are gi en in Table 1-11. 
inee 1977, the U lean ir Act amendments of use the PSI  index for a l l  air 
pol lut ion control agenc ies ( M aster, ] 991). In August 1999, the E PA adopted revisions to 
the uni form air quality index mentioned above. These revisions inc lude the addit ion of  
the [0 1 10 ing elements: 
(a) EP  changed the name of PSI  to AQI Air Quality I ndex. 
(b) The revi ed index adds an additional air quality category just above the level of the 
tandard. Previousl , index values from 101-199 were characterized "unhealthful". The 
revi ed index establ ishes a category from 101-150 characterized as "unhealthy for 
ensit ive groups", and category of 151-200 as "unhealthy", as shown in Table 1-13. 
(c )  Speci fic colors are required if the index reported in  color format . 
(d)  The revised index includes new breakpoints for ozone sub-index in terms of 8-
hour a erage 03 concentrat ions, a new sub- index for ( PM2.S) ' 
(e )  The revised index includes c hanges to the sub-indices for ozone, inha lable PM 1 0, 
carbon monoxide and su l fur dioxide to reflect the addition of the new air quality 
category of '"unhealthy for sensitive groups" as shown in Table 1-12. 
1. 9 AMBIENT AIR QUA LITY MONITORING 
" Ambient air' means the outdoor air around us. Ambient air quality reflects the 
releases of pol lutants from both human act ivity and natural sources, as wel l  as the 
effect of factors such as temperature, sunl ight, air pressure, humidity, wind, rain, and 
landscape. Sometimes ambient monitors are p laced near a source of emissions to help 
measure the impact of the source on the surrounding air. Air monitoring provides raw 
measurements of air pol lutant concentrat ions and with appropriate analysis and 
interpretat ion; these measurements can be transformed into useful  information regard ing 
air quality. 
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Table 1 - 1 1 :  Pol lutant  sta n d a rd i n dex ( PS I )  va l ues a n d  a i r  q u a l ity descriptors 
PSI val ue Descriptor 
0-50 Good 
5 1 - 1 00 Moderate 
1 0 1 - 1 99 Unhealthful 
200-299 Very unhealthful 
�300 Hazardous 
Table 1 - 1 2 :  A i r  q u a l i ty i n dex ( AQ I )  va l ues a n d  descri ptors 
AQI values Le\'els of h ealth  Cautionary statements - Color- ->: . . - "  I 
0-50 
5 1  to 1 00 
1 0 1  to 1 50 
concern ' -
Good none Green 
M odera te U n u s u a l ly sensit ive people Ye l low 
shou ld con sider l im it ing 
prolon ged ou tdoor exertion fo r 
03 0n 
U n healthy fo r C h i ld ren a n d  peop le with O ra n ge 
sensit ive grou ps respiratory, h ea rt d isease, 
s h o u ld l i m i t  o u tdoo r exertion fo r 
P M 1 0  C O  a n d  S02. 
� � i �O� !u1fi�;[I{�� I'C� and�� � 
�"?� �il {���J�l�l.7J�i��;�� �}�1� . ��:�l�� ��;�i iili il 
20 1 to 300 Vel')' un healthy C hild ren and people with  Purple 
resp i ratory, h eart d isease. 
30 1 to 500 H aza l'dous 
should avoid h eavy outdoor 
exertion, everyone else should 
l imit  outdoor exert ion for al l  
criteria pol lutants. 
Children and people with  h eart Maroon 
and l u n g  d iseases should remain 
indoor. everyone else shou ld 
avoid all- outdoor exertion 
especially for all cri teria 
pol lutants. 
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The general objective of  all the ambient alI quality monitoring networks can be 
de cribed as fo llows: 
• Obtaining background concentration data. 
• Determining compliance with nat ional or international standards. 
• Determining air quality trends. 
• Development/val idat ion of management tools ( models, Geographical I nformation 
Systems etc . ). 
• A essing point or area source impacts. 
Furthermore, there are seven principle objectives of urban air qual ity monitoring l isted 
below: 
1. For regulatory control  ( survei l lance monitoring) . 
2. To determine present condit ions and trends (exploratory monitoring). 
3.  To make short-term ( 1 -5 day) predictions. 
4. To simulate the effects of various land-use strategies on air quality. 
5. To study dose-response relat ion of both episod ic extremes and long-term means. 
6. To provide input data on air quality for large inter-disc ipl inary urban models. 
7.  To study the effects of pol lut ion on urban c limate 
Also the object ives for monitoring in rural and remote areas are not so different 
from those for monitoring in c it ies, but there is less preoccupat ion about contro l .  The 
fo l lowing five objectives can be d ist inguished. 
1. To study and to model regional and g lobal  c l imate. 
2. To document and to model the movement of po l lutants across national and other 
jurisdictional boundaries. 
3. To study dose-response relations, part icularly with respect to acid rains and 
regional oxidant episodes. 
4. To complement studies of urban air qua l ity with observat ions of rural air quality. 
5. To study and to model regional and global biogeo-chemical cyc l ing of trace 
substances. 
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The U.S  tate of Delaware for example has had air monitoring sites located around 
the tate ince the late 1 960's. The original focus of the monitoring network was on 
monitoring close to "point" source ( large facilities with high emissions). A air 
po llut ion control strategie were u ce sfully implemented and the emissions from large 
facilitie were brought into compliance with air quaJity regulations, the focus has shifted 
to pollutants that are more of a regional problem. Air monitoring stations are primarily 
used to hou e continuou instruments that measure "criteria" air pollutants. 
Multiple factors are considered when deciding the location of air monitoring 
stations. Sites are selected based on the pollutant or pollutants to be monitored, the 
population density, proximity to other monitoring stations ( including those in other 
tates) and operational efficiency. The USEP A has developed sitt ing requirements for 
each of the "criteria" air pollutants. These requirements include distance from trees, 
buildings and roadways, d istance from major point sources, and probe height . Other 
factors include ite security and access, availability of electricity and telephone service, 
aesthetics and local zoning issues, and long term (+ 1 0 years) site availability. 
Unfortunately the ideal monitoring site is virtually impossible to acquire, especially in 
urban areas. Depending on the pollutants under assessment, data from a wide variety of 
location types may therefore be necessary to build up a reasonably complete picture of 
exposure patterns (Table 1 - 1 3) 
The number and distribution of air quality monitoring stations required in any 
network, and the number of samplers used in a survey depends on the area to be covered 
and the spatial variability of the pollutants being measured. The required data usages 
along with the resource availability with instruments deployed are also to be considered. 
I n  general most air quality sampling units are designed to measure one substance. 
A sulphur dioxide monitor, for example, cannot sample for nitrogen oxide. Specialized 
devices are needed to test the air for each different substance. 
However, the nature of the substance affects the type of reading that can be 
obtained, and the t ime it takes to do the test ing. Gases such as ground- level ozone and 
carbon monoxide can be analyzed using "real-t ime" monitors that can generate raw data 
at the site and send it over telephone l ines to a central computer. 
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Pol lutant are often measured in extremely mall concentrations, m "parts per 
million" ( ppm)-think of one drop in a bathtub-or even in "parts per billion" (Ppb). 
Furthermore, air monitoring methodologies can be divided into four main generic 
type , co ering a wide range of co ts and performance levels. There are passive 
samplers, acti e sampler , automatic analyzers and remote sensors. The main 
ad antages and characteri t ics of these monitoring tec1mologies are summarized in 
Table 1 - 1 4 . 
Meanwhi le, the demand for quick and easy-to-understand data continues to grow as 
doe the number and ariety o f  substances in the air for which test resu lts are needed. 
T bl 1 1 3  P ' b l  a e - : OSSI ' t  e m O D I  orl O g  f oca IOn s  re eva n t  to E x posu re assess m e n t  
Site C lassifica tion Desc ri ption 
City/urban centre An urban location representati ve of general 
population exposure in towns or city centers, e.g. 
pedestrian precincts and shopping areas. 
Urban background An urban location distanced from sources and 
therefore broadly representative of city-wide 
background conditions. 
Suburban/residential A location type situated in a residential area on the 
outskirts of a town or city 
Curbside/near road A site sampling with in 1 -5 meters of a busy road. 
lndustrial An area where industrial sources make an 
important contribution to long-term or peak 
concentrations. 
Rural An open countryside location distanced as far as 
possible from roads, populated and industrial areas. 
Source/target -oriented Any special source-orientated or m icro-
environment site. For example, garages, car parks 
or tunnels, or a site located at a targeted receptor 
point such as schools or hospitals. 
lndoor Wi l l  include domestic and office environments 
(excluding occupational), together with in-car and 
commut ing environments. 
Source: ·WHO.epa.com 
1. 10 METEROROLOG Y AND TOPOGRA PHY 
The prevailing weather condit ions and local topography will strongly influence the 
dispersion of air pollutants or, in the case of secondary pollutants, affect their 
production in the atmosphere. The main elements of meteorology are wind, humidity 
and temperature. 
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Table 1 - 1 4 :  A i r  mon itori n g  tec h n iq u e 
--
Method Advantages Disadvantages Capital Cost 
Pa sive ampler • Very low co t • Unproven for some US$ 1 0-70 
pol l utants per sample. 
• Very simple 
• I n  general only 
• o dependence on provide month ly and 
main electricity weekly averages 
• Can be deployed in • Labour-intensive 
very large nwnbers deployment/analysis 
• Useful for • low data throughput 
creen ing, 
mapping and 
basel ine studies 
ct i e am pIers • Low cost. • Provide dai ly averages US$ I 000-3000 
per unit 
• Easy to operate • Labour- intensive 
sample col lection and 
• Rel iable operat ion! analysis 
• Performance • Laboratory analysis 
required 
• Historical dataset 
Automatic Analyzers • Proven • Complex US$ 1 0, 000-
• High performance • Expensive 1 5,000 per 
analyzer 
• Hourly data • High ski l l  requirement 
• On-line • High recurrent costs 
informat ion. 
Remote sensors • Provide path or • Very complex and US$70,000 -
range-resolved expensive 
data 1 50,000 per 
• Difficult to support, sensor, or more 
• Useful near operate, cal i brate and 
sources val idate 
• Mult i-component • Not readi ly 
measurements comparable with point 
data. Atmospheric 
visibi l ity and 
interferences 
1. 10. 1  W ind peed and direction 
28 
Mea urement of wind peed and wind direction is important in arr quality 
monitoring. It can help ident ify the locat ion of the source of the po llut ion, and also 
provide a better 0 erall picture of what's happening in the air. 
Horizontal winds affect tbe transport and di lut ion of  po llutants. On the other hand 
the wind peed is affected by topographical features sucb as mountains, lakes and 
bu i ld ing . Over plain urface wind speed tend to be higher than rougber surfaces. P lease 
refer to Figure 1 - 1 ,  hicb bows the effect of surface roughness on wind speed as a 
funct ion e levation over urban areas, suburbs, and level country. 
However, wind d irection dose have an effect on pol lutant dispersion. I f  wind 
d irect ion comparat ively constant the same area wi l l  be cont inually exposed to a high 
Ie el of po l lutants. On the otber hand, if wind d irection is cont inually shifting 
pollutants wil l  be dispersed over big area and the same area wil l  exposed to low level 
of pollutants (Turner, 1 969). 
The wind rose are divided into 1 6  wind directions, F igure 1 -2 .  Each wind 
direction is d ivided into wind speeds. As the percent of  t ime the wind blows from a 
part icular d irection gets larger, the port ion of  the bar representing the wind speed gets 
larger both in length and width On the other hand, po l lut ion rose indicat ing the 
frequency of given levels of pollutant as a function of wind d irect ion constructed. 
F igure 1 -3 i l lustrates a pollution rose for CO. 
1. 1 0. 2  Temperature 
Temperature affects the formation, interact ion and act ion of pollutants in several 
ways. Part of the influence of temperature on pol lution is related to the fact that 
chemical reaction rates tend to increase with temperature. A lso, warmer air can ho ld 
more water vapor. Many air po llutants d isso lve in water to form acid such as S02. 
Temperature is also important because of its effect on wind ( Kupchella, 1 993) .  
1. 10.3  Relative humidity 
H umidity refers to the amount of moisture in the air. The relat ive humidity tel ls 
how much water the air is holding compared to how much it could hold at a certain 
temperature. I f  our b lob o f  a ir has a relat ive humidity of 50% then that means it is 
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ho ld ing hal f  of  the amount of water. The relative humidity can change if the moisture 
change or if th temperature changes. The higher temperature, the more water vapor is 
being he ld in th air before it become aturated. ccording to alad iva et al. (1994), the 
differences in humidity may influence the composition of pollut ion mixture. 
1. 1 1  PREVIOUS S TUDIES IN ABU DHABI EMIRA TE 
During October, 1 990, a short-term measurement ( 1 5 days duration) of  air quality 
was carried out by LSS and London. The measurement program included nitrogen 
dioxide, ozone, carbon monoxide and sulfur d ioxide, and suspended part icu late and 
moke. 
Also, a short-term measurement of a ir quality  in Abu Dhabi study reported by 
ukaina ( 1 994) for the period between the 3 _ 1 0th of May 1 994 and at Umm A l  Nar 
station between the 1 0- 1  7th of May using the Environment S.A. Mobile Laboratory. The 
measurement program included NO, N02, PM 1 0, Ozone, CO, methane and non­
methane hydrocarbons. 
Results of the above indicated studies revealed that the daily mean concentrations of  
a l l  pol lutants in  the atmosphere of  Abu Dhabi c ity are less than the US nat ional ambient 
air qualit standards (NAAQS). 
The present study wi l l  focus on a longer period as wel l  as the analysis for air quality 
index and the effect of air pol lut ion on human health. 
IlOO 
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Figure 1 - 1 :  Relationships between surface roughness and wind speed changes with heigh t 
Figure 1 -2 :  Wind rose 
N 
C • 1 .. • -"'-4::·::JI-i"'C::J 
o · . ., 
M i l  • •  p e r  H 
10% of Wind 
vectors 
East 
-
co COh""',bal!on (rng'"",) 
Figure 1 -3: Pollution rose for CO 
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AIM, OBJECTI VES & SCOPE OF STUD Y 
2. 1 THE A IM 
Thi tudy i l l  lead to a b tter under tanding of Abu Dhabi c ity en ironmental  
condit ion and the ambient air qual ity in Abu Dhabi c ity by conduct ing compari on of  
air pollution Ie el  of  ind i idual po llutants for different year based on different 
10 at i n ( i .e. an indu trial area, a re ident ial location, and a heavily trafficked area). 
Different air po llution pattern and seasonal variations wi l l  be used to identify the 
relat ionship between human act i  it ies, and air pollut ion levels, and to invest igate the 
effect of air po l lut ion on human health. Addit ionally, a comprehensive t irne- eries 
anal i wi l l  be perforn1ed on the air qual ity data for a period of four years ( 1 998-200 1 )  
taking into considerat ion the e tabl i  hment year of  each stat ion. 
2.2 SPECIFIC OBJECTI VES 
The pecific object i es are a fol low : 
1 .  To ident ify orne air pol lutant in d ifferent location which cause adver e health 
effect . 
2. To detennine the air pollution levels in these locations and invest igate predictor 
factors influencing air po llutants in Abu Dhabi city. 
3. To indicate the sea onal distribut ion of  the po l lution burden and to relate any 
temporal or ea onal change to meteorological factors such as temperature and 
humidity in d ifferent areas. 
4. To ob erve the pol lution level at different sites such as in a highly popu lated 
area, heavy traffic area, an industrial area and a resident ial area. 
S. To inve t igate the effect of air pol lut ion on human health. 
6 .  To detennine the priority of the air quality problem . 
2.3 COPE OF S TUD Y 
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Till tudy wa concerned with th ambient air quality in Abu Dhabi 
cit) b) c ndu ting a mpan n r air p llut i n Ie el of indi idual pollutant for 
different year ba ed on differ nt locati n ( i .e .  an indu trial area, a re idential location, 
and a hea i l  trafficked area) .  The pollutant consid red in this tudy are: part iculate 
matter PM 1o, ulphur dioxid , carbon monoxide, nitrogen oxide , and ozone. Different 
air po llution pattern and ea nal ariat ions were u ed to identify the relation hips 
between human acti it ie , alf po llution level , and to inve t igate the effects of air 
p llut ion on human health. However, ources of pollution were not considered in detail 
in thi tud , although peculations on the cau e of pol lut ion have been outlined later. 
dditionally, a comprehensi e tirne- erie analysis wa performed on the air quality 
data fi r a p  riod of four ear ( 1 998-200 1 ) . Thi re earch tudy will be performed in the 
fo llowing two tages: 
A. Pre xi  t ing data et on air pollution were retrieved from Abu Dhabi Municipality 
for the period from Augu t 1 998, to December 200 l .  
B. An epidemiological tudy was ba ed on admi sion to AI  Jazeerah and AI  Mafraq 
Ho pital for a period from January 1 999, to December 200 1 .  
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SITE DESCRIPTION A ND SAMPLE A NA L YSIS 
3. 1 I TRODUCTJON 
The di  co er of  o i l ju t before the midd le of  the century ha changed many aspects 
of l ife in the AB. There ha been a dramatic rise in the nat ional economy, expressed 
n incingl in terms of income per-capita. Construction programs have increased 
paral !  I to other nat ional de e lopment , lead ing to an inc rea e in erious publ ic health 
problem . The e proce e have been accompanied by rapid urbanization, an increa ing 
number of fa torie , (approximately more than 679 factorie ), substant ial o i l  production. 
an expansion of modem house , extensive network of motorways and easy avai labil ity 
of car and oth r motor transport . Air pol lut ion ha been considered one of the leading 
health problems in thi  century. The problem ha long been the focu of attention in 
de e loped countries. Howe er, relat ively few attempts have been effect ive in reducing 
the magnitude of the problem in developing countries. Expo ure to air pollut ion is 
con idered a major health problem for the people in the industrial and oil-producing 
countries. ince 1 980, numerou epidemio logical studies have focused on out-door air 
pol lut ion and consequences on health ( Bascom, 1 996). Major poi oning among public 
i fairly wel l  characterized, but the health effects of routine, smal ler exposures are 
uncertain. However, the pre ence of  chemical air pol lut ion at relat ively low levels, can 
adver ely affect re piratory health in subjects with preexi t ing chronic respiratory 
d isease ( unyer et al, 1 993) .  
Documentation of  a ir  pol lution and sources in Abu D habi emirate has never been 
re iewed in respect to health effects. No information from a populat ion-based study has 
been conducted to defme the important epidemio logical characteristics of air po l lution 
in human health. 
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3. 2 GEOGRAPH Y AND DEMOGRAPHY 
The nit d Arab mirate i 10 ated in the eastern part of the Arabian penin ula, 
" hich i one of  the " el l-known arid land I cat d on the w t ide of ia. I t  l ie on th 
Arabian ulC t l in of a ut 650 km. The Arabian p nin ula i one of  the 
larg t areas of de ert " ithin the ubtropicaJ belt . 
M re p cificall the United Arab mirate ( UAE) is one of the six countries of  the 
Arabian ulf located outh-ea t betw en the Qatar peninsula to the west and the 
Mu andan1 penin ula to the ea 1 .  
The nited Arab mirate ( UAE) is a federation of ven emirate as  fo llow : Abu 
Dhabi-the capital, Dubai, harjah, Ra Al Khaimah, Fujairah, Ajman, and Umm Al  
Quwain. 
bu Dhabi i the largest of the e en emirates with, an area about 67,340 km2, 
repre ent ing 86.7% of total area of the United Arab Emirates. Abu Dhabi c ity is an 
off: hore i land in the Arabian Gulf, with an area of around 400 km. bu Dhabi emirate 
di ided for administrative purpo e into three major regions. 
1 .  Abu D habi c it , the capital of UAE, has extensive fac i l it ies and inc lude most of 
the oi l  companies. Al 0 mo t of factorie located there. 
2 .  AJ A in c it (eastern region), which is an area rich in greenery. 
3 .  Bida Za ed c ity (western region) the third region, located with the main onshore 
o i l  field with Ruwais the large t o i l  refinery. 
I n  add it ion to the three main land regions of Abu Dhabi, there are a number of  
important islands within the emirate, including Mubarra and Z irku, near where the main 
off: hore o i l  fields are located. C loser to shore are the islands of Dalma, S ir Bani Ya , 
Marawah, Abu Abyadh, and aadiyat and many others. 
Of part icular note is the introduction of 'green" areas and affore tation in the 
Emirate. At the end of 1 987 it was estimated that green areas covered around 28,000 
hectares. I n  Abu Dhabi City the area under grass was 630 hectares and the area planted 
with tree 640 hectare ( UAE year's book, 200 1 ) . 
Abu Dhabi is located in the southern region of Arabian Gulf, which has the 
characterist ics of mild, warm winters and long hot summers wit h  rare annual rainfa l l, 
espec ially over the western area ( Kholieb. 1 990). During the summer period (May­
October), the maximum temperature ranges between 39 and 46 °C. Relative humidity 
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h;vcl rangc between 28 and 8 1 0/0, and ometime reach 1 00% at the co tal region . Rain 
fall in \'vinter, with mo t curring March ( 1 3 .2 mm), ith a level of carce or ni l  in the 
ummer and the orth-We tern r gi n according to th Department of P lanning Book 
( 2000).  t rms and bl w in the pring from the orth. 
Twent nve ear ago, the pre ent ite of Abu Dhabi c ity compris d a cattering of 
hut and a fort. I n  1 9  0, th cit had grown to a population of  330,000 and today the 
epartment of Planning ha e t imated that in the ear2000 the populat ion of the c ity and 
urrounding rural area i equal to 735,000. Abu Dhabi compri es 24% of the UAE 
populat ion. The economic and oc ial de elopment witnessed by the U AE over the past 
two decade ha led to ignificant demographic changes, mainly characterized by 
dec lining mortalit , changing age tmcture, and increasing fert i l ity of  the indigenous 
populat ion ( AE yearbook, 200 1 ). 
Before the d i  covery of oi l  in 1 958,  the economy of the country was l imited 
primarily to oa is agriculture, fi hing, pearl ing, and trade with neighboring countries. 
ow the mining indu tr and natural gas sector represents the basic support to the 
e onomy of the Emirate, as shown in Figure 3 - 1 .  Oil now represents 95% of the total 
e. port and 70% of the GDP.  
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The fir t oil pro id ing ficld came on tream in 1 962, long with the ensuing oil boom 
that tran formed the Emiratc. In 1 999, around 1 . 88 mi l l ion barrel of oil per day were 
being produc d. The production of  r fined product now reache 1 1 . 5 mi l l ion metric 
n. lectri it pr duction has al gr wn, according to Mini try of Planning (200 1 ) . 
I n  addition. th rc are man manufacturing indu tries in Abu Dhabi c ity most are 
located in the Mu afah area which inc lude appro imately 679 factories, holding nine 
ategori a hown in Tab! -3 - 1  
Ta ble 3- 1 : u m ber of facto rie , po ib le  pol lu tan ts, a n d  categories i n  M u  a fa b  a rea 
ategorie ame Number Pol lutants 
1 Ba ic teel Indu tries 
2 Chem ical Product , Petrol, Coal, Rubber & Plastic Products Industry 
3 Food tuff! , Beverage & Tobacco Indu trie 
4 Metal Pr duct , Machine & Engineering Industry 
6 CO- 02-NO .PM IO 
Heavy metal 
I 83 CO- Or O,.PM 10 
VO 's  
60 
1 93 
Or 0" 
PM IO 
5 M inmg Raw Material , on Metal l ic  Product Indu try except Petroleum & Coal Products 1 1 9 PM IO 
PM 10 6 Other onvertible Indu trie 20 
7 Paper, Paper Products, Printing & Publ ishing Industry 25 
8 Texti le , pinn ing, C lothing And Leather Industrie 27 
46 
679 
CO- O2. VOC's 
PM 10 
9 Wood And Wooden Product Industry including FW11iture 
Total of factories in Mu safah 
ource: Food and environment control center-Abu Dhabi 200 I .  
3.3 METEOROL OG Y 
Taking into consideration all the variables, the weather is the only variable factor 
that can dilute or concentrate these emitted pollutions in the atmosphere over an area or 
regIon. 
The mo t important weather elements which we call meteorological factors are the 
wind speed and direct ion, air temperature and humidity. 
The easonal variat ion of relative humidity at t hree stations is given in Figures 3-2 .  
The average ranges of  relative humidity being 68-9 1 % with a mean of 8 1  % at the FECC 
area. 50-77% with a mean 64% at the Mussafah area, and 64-90% with a mean of78%. 
o Mussafah is shown to have the lowest relative humidity among other areas. 
The average range of temperature (Figure 3-3 )  is20.4-37 .5  DC, with a mean of 29.6 
°C at the F CC area, 1 5 .2-37 . 7°C with a mean of 27.7 °C at the Mussafah area, and 
PM1o. VOC's 
1 9.3-36.9 0 
37 
ith a mean of 28.7 0 al , it is clear that the urnmer months ( May-
eptember) and the month of ugu t have th highe t t mperature . 
The h rizontal motion of the wind i mea ured as wind el cit . Wind locity data 
are piloted a a wind ro indicat ing the direction from which the wind came to the three 
tation during 1 998-2000, repre ented in Figur 3 -4 to 3-7, respecti ely. The results 
howed th fo llowing: (a) Th ignificant frequency of wind direction at the FECC 
'tation i' a' c iated \i ith northwesterl wind fol lowed by outhea terly. In  addition, 
there a a ignificant frequenc of northeasterly winds notice from 1 999 to 200 1 ,  equal 
to the outheasterl� wind . Howe er, the mo t frequent peed was within the range of 
0 .S-3  rnI , fol low d by a mall frequency of wind in the 3-S mI range-approximately 
than 1 0% . There were as ociated with northwe terly fo llowed by southea terly 
wind. (b) Th corre ponding frequenc of wind d irection at the Mu safah station was 
as ociated with both west and northwesterly winds, followed by the west and 
outhea terl winds during 1 998-200 1 .  However, the most frequent speed ranged from 
0.S-3m1 , followed by the rang of 3-Smls, fol lowed by a mall frequency of 8- 1 0mls, 
having approximately less than 1 0% associated with northwe terly and southea terly 
wind . (c)  The ignificant frequency of wind direction at Bateen station was associated 
ith northwesterly winds fol lowed by northeasterly and southeasterly-but less so than 
other tations. Howe er, the mo t frequent peed was within the ranged of 0. S-3m1s, 
followed b the rang of 3-Sm/ . there was a small frequency of range of S-8m1s­
approximate ly less than 2 .S% being associated with northwesterly wind . 
Figure 3-2: Sea 0"01 variation of relative humidity at the three station during / 998-200/ 
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Figure 3-3: ea.'Wnal variations o{ Temperature at the three lalions during 1998-2001 
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3. 4 AMBlE T AIR QUALITY MON/TORI. G NETW ORK IN ABU DHA BI CITY 
The pre ent in e -t igat ion rel i  . n an ambient air qualit monitoring network in 
bu Dhabi Municipalit ' od & n ir nment ontrol enter ( FEe ) which t up in 
three locat ion . I n  1 995, it wa locat d at FE ' o ffice bui lding on alam treet . 
n ther tw were put into op rat ion. in 1 998, at the Mu afah indu trial area behind the 
Mu safah Munic ipal it build ing in February, and at Al Bateen Greenhouse next to the 
merican o mmunity ch 0 1, a hown in F igure 3-8 .  The measuring of ulfur dioxide 
( 2) ,  nitrogen xide ( , N  2) '  carbon mono ide ( 0), ozone (03), part iculate 
matter ( PM lO), and o rne meteorological parameter were col lected on a continuous 
ba i in add ition to wind peed and d irect ion, temperature and relat ively humidity. 
AI BlIleen 
• 
The Three Monitoring location in Abu Dhabi City. 
Figure 3-8: Location of the th ree station in Abu Dhabi city 
Data are collected on a continuous basis by the network. The sampling and analysis 
is performed by automatic monitoring instruments without human intervention except 
for regular maintenance and quality control procedures. The electrical output of the 
instrument is not only recorded at the monitoring stations but al 0 transmitted to the 
command center where the data are recorded and stored for subsequent evaluation. 
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3. 5. J mbient air quality monitoring tation 
The ambient air quality monitoring tat ion i an integrated y tern., which con ist 
f four 'ub- 'Y terns including ampling a delivery tern, indi idual analyzer and 
ens r . a calibrati n tern and a data acquisit ion . tern. 
( 1 )  • ampling delivery system 
A ample i tak n from th ambient air via a Teflon sample line to a glas manifold 
b a blower. The air ample i then drawn from the manifold through an analyzer by a 
a uum pump and th n xhau ted. The ample manifo ld i de igned 0 that everal 
analyzer operat from one manifold. The ampling deli ery system has tubes, a filter 
tra . a blo er. a moi ture/water trap, and o lenoid valves a it main components. 
(2)  A nalyzer and meteorological sensor 
The analyzer and sensor available at these stations are exhibited in Figures 3 .9-
3 . 1 0 re pect i el . 
( 3 )  Calibration system 
The calibrat ion sy tern is used to perform analyzer calibration through e tablishing 
the quantitati e relationship between actual pollutant concentrat ion input and the 
analyzer' re ponse- since the response of most analyzers has a tendency to change 
ome�hat with t ime (drift) .  Analyzer calibration is a necessary procedure to ensure the 
reliability and alidation of data. It is completed with a dynamic gas calibrator, zero-air 
upply. and calibration standards which include traceable compressed cylinder gases 
O-co- 02)'  a primary standard ozone calibrator, a primary standard flow calibrator, 
a traceable microbalance. and a traceable thermometer. 
(4) Data A cquisition Sy tern 
The data acqu isit ion  system consists of two pnmary components. The first 
component i the E C 8800/88 1 6  data logger sensor interface to which analyzers and 
other ensors are connected. The data logger scans the inputs once a second, d igitize 
the analog signals, and scales the values to engineering units. The data logger then 
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calculate a erage c.g., fi e-minute. h uri ) and deli er the e average to the other 
primary component, the E-O mbient ft are package. 
The 1:- ambient oft are i a menu-dri en package that run under Window 
95 on a ompaq De kpro computer. The computer connect ia a cable or modem over 
a telcph ne line to data logger unit . The E-DA ambient oftware stores the 
c nfiguration f the in trument connected to the data loggers and reque ts various data 
average and other informat ion from logger automat ical l  , at regular interval , or upon 
manual init iat ion. On r que 1. graphical or tabu lar r ports of information.. uch a 
a erage data and cal ibrat ion data can be generated to the display creen, a printer, or a 
fi le. 
3.5.2 Data transmi sion and control 
The mea ured data and status ignal are tran mitted by te lephone or cable d irectly 
to the command centre (central control office). S ignal are sent over the same l ine from 
the central control office to t he monitoring station to control the col lect ion and 
transmis ion of data a wel l  a to suppl reference mea urements. 
3.5.3 Command center (central control office) 
The command center collects, by means of telephone or cable l inks, al l  raw data 
gathered b the monitoring stations, deals with t iming and contro l  o f  the network, gives 
cont inuous information on actual  air quality in d i fferent monitoring locations, controls 
operat ional performance of the monitoring instruments through signal izat ion, val idates 
messages transmitted between command center and t he stations, carries out data storage, 
manipulates and reduces data, pre ent and reports data in proper forms. 
3.6 MONITORING L OCA TIONS 
The three fixed monitoring locations covered by the exist ing network are selected 
to as es the air quality at repre entat i e areas as fo llow (see Table 3-2 ) :  
• The FECC site in a lam treet, represent ing a highly popu lated area with 
heavy traffic . 
• The Mussafah, a main industrial area, with many category of factories, as 
hown in 
I 
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Figure 3 - 1 l .  
• The Bateen ite. lected to repre ent Ie el in a re id ntial location, as shown 
in Figure 3- 1 2 . 
The d i tance b t" een the F tation and the Bateen tation i about 4.8 km and 
about 20.5 km fr m the Bateen to the Mu afah station. But from the F C to the 
Mu afah tation i about 1 9.2  km. 
Ta b le 3-2:  Som e  fea t u res of the  m o n itoring  sites 
Site name Functional zone Longitude Lat itude 
FECC High ly populated area with 54"22'40"E 24 �9'20" 
heavy traffic 
Mussafah Indu trial area 54° 3 1 '  50" 24° 23'N 
Bateen Residential area 54° 22'E 24° 28' 
Source: FECC Re ort. 1 998 p 
3. 7 POLL UTANTS MONITORED AND METHODS OF DETECTION 
Sampl ing height 
25 meter 
4 meters ( 1 0  meters 
for meteorological 
sensors) 
4 meters ( 1 0  meters 
for met. ensors) 
I n  EPA termino logy, each major air po l lutant ha a reference method that is the 
test method that i con idered the standard against which other methods can be tested, 
and there are equivalent methods, which have been checked against the reference 
method and proven to give similar resu lts. 
3. 7. 1 Sulfur dioxide (SO} - PuLsedfluorescence (Equivalent method) 
Pul  ating u ltravio let l ight is bandpass fi ltered and focused into a fluorescence 
chamber where it excites O2 molecules into higher energy tates. The decay of the 
excited O2 mo lecules emits a characterist ic radiation that is fi ltered, photo mult ipl ied, 
converted and ampl ified into a measurable e lectric signal .  
3.7.2 Nitrogen dioxide (NO) - Chemiluminescence (Reference method) 
N02 is converted to NO which is then reacted with ozone. The l ight from thi 
chemiluminescent reaction is measured. Because ambient air contain NO, a paral lel  
sample is run without conversion of the N02 to NO, and the result ing NO reading is 
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ubtracted [rom the combined 
in trum nt report th and 
and 2 reading to gi e N 2 value. Therefore, the 
2 a we ll .  
3. 7.3 Carbon monoxide (CO) - Ga filter correlation (Reference method) 
Radiat ion fr m an I R  ourc i chopp d and th n pas ed through a ga fi lt r 
alt mat ing between and N2 due to rotat ion of the fi lter wheel .  The radiat ion then 
pa t hrough a narrow band pa interference fi lter and enters a mult iple opt ical pass 
cell \ here ab rption b the ample gas occurs. The I R  rad iat ion then e it the ample 
c 11 and fal l  on an I R  det ctor. The C gas fi lter acts to produce a reference beam that 
cannot be further attenuated b 0 in the sample cel l .  The N2 side of the fi lter wheel is 
transparent to th IR radiat ion and therefore produces a measure beam that can be 
ab orbed b in the cel l .  
3.7.4 Ozone (03) - Photometry (Equivalent method) 
The UV photometer determines ozone concentrat ion by measuring the attenuation of 
l ight due to ozone in the ab orption ce l l ,  at a wavelength of 254 nm .  The concentrat ion 
of ozone is related to the magnitude of the attenuation. 
3.7.4 Particulate matter less than 10  micron in diameter (PMJO) 
Gravimetric (Equivalent method) 
The TEOM 1 400a P M IO Monitor is a "gravimetric" instrument that draws ambient 
arr through a fi lter at a constant flow rate, continuously weighing the fi lter and 
calculat ing near real-time ( 1 0  minute) mass concentrat ions. The weighing princ iple is 
ba ed on frequency c hanges of the tapered element at the heart of the mass detection 
sy tern. The tapered e lement i a ho l low tube, c lamped on one end and free to vibrate at 
the other. An exchangeable fi lter cartridge made of Teflon - coated boro i l icate g las , is 
p laced over the tip of the free end. The ample stream is drawn through this fi lter, and 
then down to the tapered element .  The tapered element vibrates precisely at its natural 
frequency, if add it io nal mass is added the frequency of vibrat ion decreases. 
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3. 8 METHOD OF A 'AL YSIS 
3. B. l Air quality talldards. 
mbient air qualit tandard are rna imum al lowable Ie e ls of contamination for 
the po llutant . he leve l are to be t to protect the public health, with an adequate 
marg in of afet . Ther i current l propo ed ambient air qualit tandards for Abu 
Dhabi and the national ambient air quality tandard (NAAQ ) were compared with the 
anal)zcd data. 
3. 8. 2 Major air pollutant and their effects on the environment 
The major po l lutant v ere ident ified according to the major po l lut ion sources in 
Abu Dhabi. Their effects on the environm nt were I i  ted ba ed on the avai lable 
informat ion. 
3.8.3 Com pari Oil of air quality index 1 998-2001 
The air qual it index proposed by U EPA was u ed to describe the overal l  air 
qual ity in Abu Dhabi. The index was normal ized aero po l lutants so that an index 
alue of 1 00 represents the level of health protect ion as oc iated with health-based 
tandard for each po l lutant and an index value of 500 represents the significant harm 
level .  
3. 8.4 Identification of the spatial patterns 
Different locations have different pol lution sources, and therefore, have different air 
pol lution patterns. 
3. 8. 5 Identification of the Patterns with Different Duration 
easonal ariat ions were used to ident ify the relat ionships between human 
act i  itie , meteoro logical patterns and air pol lution level . 
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3. 8. 6  U e of Pollution Ro e to Identify Potential Pollution Source 
n air po llut ion problem in 0 1  c three part : the ource, the mo ement of the 
pol lutant. and the rec ipient .  fhe c ience of meteorology ha a great b aring on the 
movement of air pol lutant , and the m t rele ant met oro logi al parameters are wind. 
temp ratur and m i turc. In tead of plotting all wind on a radial graph. only those 
tim during whi h the concentration of a po l lutant was above a certain minimum are 
u ed. Thi i the concept of a po l lution rose which is wide ly u ed to ident ify the 
potential p l Iut ion ource . 
3. 8. 7 Comparison of annual air pollution levels with health effects 
The ho pital record in AI-Jazeerah and AI-Mafraq Hospitals were compared with  
the air po l lutant level to ee the effect of the e pol lut ions on the number of a 
admi ion to th a above mentioned hospitals. 
3.8. 8  Identify the major air pollution problems in A bu Dhabi City 
Based on the above mentioned analy is, the major air pol lut ion problems were 
ident ified. 
3. 8. 9 Stati tical Methodology 
e eral descriptive as well as inferential statistical methods were used to summarize 
and analyze the air pollution data. Mult iple t ime series plots were used to describe the 
changes in seasonal ariation of major gases over the past four years in the three 
tations. Parallel box-plots were u ed to compare the di tributions of the po llut ion levels 
in the three stations and show whether the proposed Abu Dhabi air quality standard 
Ie els were e ceeded. Frequency distribution tables show several percentiles of the gas 
Ie els over the pa t four years in the 3 stations. One-way ANOVA models were u ed to 
compare the mean gas levels in the three stations. And finally, to study the effect of 
meteorology on the different pollutants, a multiple regression model was fitted with a 
gas level as the response and the meteorological factors a the predictors. Appropriate 
transfonnations of the e variables were used when significant serial autocorrelation wa 
pre ent. 
5 1  
Figure 3-9: AnaJyzer of each c ri tica l  pollutant at the FECC tation 
/'. 
Figure 3- 1 0: Meteorological sen or 
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Figure 3-1 1 :  M u  afab station. 
Figure 3- 1 2 : Bateen station 
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POL L U TANTS LE VEL & VA RIA TION 
The pre ent inve t igat i n included measurement of ulphur dioxide, nitric oxide, 
nitrogen dioxide, carb n monoxide, ozone and part iculate matter (PMIO), during the 
peri d of ugu t 1 998, to Decemb r 200 1 ,  at three stations, the F AC stat ion, 
repre enting a commercial area, the Bateen station, represent ing a re idential area, and 
the Mu afah tat ion, a main indu trial area. In addition, meteorological parameter 
(wind peed and direction, temperature, humidity), were measured at the same locations. 
In thi chapter we di cu the results of pollutant variation from spatial variat ions 
among locations, ea onal and temporal variation. Also, the relationship between 
meteorological factors and po llutant level, as well as the po ible sources of pollut ion in 
Abu Dhabi city. 
4.1 POLL UTANT VARIA TION 
Table 4- 1 gives ANOVA results for comparmg the three stations in terms of all 
critical pollutants. As can be seen from these tables the levels of each pollutant differ 
significantly between the three stations ( p<O.OOO l ) . 
4. 1. 1 Spatial variations among locations 
A. Sulfur dioxide (SOl) 
In most analyzed c it ie in developed countries the daily means of S02 level rarely 
exceeds the 1 -hour mean standard of 0. 1 33 ppm. On the other hand, in developing 
countries, the annual mean concentration of O2 has not exceeded 0.0 1 7  ppm. Notable 
exceptions were in China, with a level of 0.03 ppm in 1 994. This may reflect the impact 
of combustion of sulfur-containing coal for domestic heating and cooking ( WHO, 
1 998).  
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Table 4- 1 a: Anall'sis o[variance o[sulphur dioxide levels at the three stations during 1 99 -2001 
Source Sum of q uare OF Mean quare F Sig. of F 
Station 2 0 . 0 0 0 0 5 9 9  0 . 0 0 0 0 3 0 0  8 . 5 6 0 . 0 0 0 1  
Error 1 1 9  0 . 0 0 0 4 1 6 8 0 . 0 0 0 0 0 3 5 
I Total 1 2 1  0 . 0 0 0 4 7 6 7  
T bl 4 I b  A I . [ [ . .  "d I I h h a e - na rS1S 0 vanance 0 mtnc OXI e eve s at t e t ree statIOns d urinz 1 998 -2001 
Source Sum of q uare OF Mean q ua re F Sig. of F 
Station 2 0 . 0 2 2 5 9 3  0 . 0 1 1 2 9 6  9 4 . 1 4 0 . 0 0 0 1  
r--Error 1 2 0  0 . 0 1 4 3 9 9  0 . 0 0 0 1 2 0  
Total 1 2 2  0 . 0 3 6 9 92 
'---
Table 4- 1 c: Anal�sis o[yariance of..Nilrogen dioxide levels al the three stations during 1 998-2001 
Source Sum of sq uare DF Mean quare F Sig. of F 
Station 2 0 . 0 0 7 1 2 3 0  0 . 0 0 3 5 6 1 5  1 3 1 . 4 0 0 . 0 0 0 1  
E rror 1 2 0  0 . 0 0 32 5 2 5  0 . 0 0 0 0 2 7 1  
Total 1 2 2  0 . 0 1 0 3 7  
Table 4- 1 d :  Anal� i of.. variance of..carbon monoxide level at the three tations during 1 998-
2001 
Sources Sum of sq ua re DF Mean square F Sig. of F 
Station 2 5 . 3 4 2 5  2 . 6 7 1 3  2 4 1 . 2 8  0 . 0 0 0 1  
Error 1 2 0  1 .  32 8 6  0 . 0 1 1 1  
Total 1 2 2  6 . 6 7 1 1  
T b l  4 1 A I " [ a e - e: nalYs� 0 vanance 0 [0 I l t th fh =one eve s a e d . 1 998 2001 ree Sl a IOns urmg -
Sources Sum of square DF Mean Square F Sig. of F 
Station 2 0 . 0 0 8 8 8 3 3  0 . 0 0 4 4 4 1 7  1 2 2 . 0 1 0 . 0 0 0 1  
E rror 1 2 0  0 . 0 0 4 3 6 8 4  0 . 0 0 0 0 3 6 4  
Tota l 1 2 2  0 . 0 1 3 2 5 1 7  
Table 4- l f: Analysis of..variance of..Particulate matter (PM/o) levels at the three stations during 
1 998-2001 
Source Sum of q uare DF Mean Sq ua re F Sig. of F 
Station 2 1 0 2 1 0 2  5 1 0 5 1  1 6 . 4 2 0 . 0 0 0 1  
Error 1 2 0  3 7 3 0 7 5  3 1 0 9  
Total 1 2 2  4 7 5 1 7 7  
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Figure4- 1: Box plot comparisoll (or 24-llOur ulfur dioxide level at tlte three stat;ollS durillg 1998-200 I. 
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Table4-2: Frequellcy distributioll 0/ 1-Itour mealls/or sulfur dioxide ill eaclt station during 1998-2001 
Year Station Min 5 1 0  25 50 75 90 95 98 Max Mean 
1 998 0.000 1 0 .000 1 0.000 1 0.000 1 0.00 1 0.002 0.004 0.005 0.008 0.056 0.00 1 
1 999 U 0.000 1 0.000 1 0.000 1 0.00 1 0.00 1 0.003 0.005 0.008 0.0 1 3  0. 1 24 0.002 
2000 w 0.000 1 0.000 1 0.000 1 0.00 1 0.002 0.004 0.008 0.0 1 2  0.0 1 8  0. 1 39 0.003 
200 1 t.:.. 0.000 1 0.000 1 0.00 1 0.00 1 0.003 0.006 0.0 1 1 0 .0 1 6  0.025 0. 1 96 0.004 
1 998 .J::. 0.000 1 0.000 1 0.000 1 0.000 1 0.00 1 0.002 0.004 0.006 0.0 1 0  0. 1 28 0.00 1 
1 999 � 0.000 1 0.000 1 0.000 1 0.00 1 0.00 1 0.003 0.005 0 .007 0.0 1 0  0. 1 1 3 0.002 :0 z 
2000 r. 0.000 1 0.000 1 0.00 1 0.00 1 0.002 0 .004 0.007 0.0 1 0  0.0 1 6  0.078 0.003 ::> 
200 1 � 0.000 1 0.000 1 0.000 1 0.00 1 0 .003 0.006 0.0 1 0  0.0 1 5  0.023 0. 1 1 8 0.004 
1 998 0.000 I 0.0001 0.000 1 0.000 1 0.000 1 0.00 1 0.003 0.004 0.007 0.024 0.000 
1 999 t: 0.000 1 0.000 1 0.000 1 0.000 1 0.00 1 0.00 1 0.003 0.005 0.008 0. 1 72 0.00 1 Il) 
2000 Il) 0.000 1 0.000 1 0.000 1 0.00 1 0 .002 0.002 0.004 0.006 0.009 0.08 1 0.002 r5 
200 1 CO 0.000 1 0.000 1 0.000 1 0.000 1 0.000 1 0.002 0.006 0.009 0.0 1 4  0. 1 1 5 0.002 
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C\ I  o. high Ie e l  of 2 rna be een in other developing countrie , e p cial l tho e 
\\ ith c Id \\ inter r with m nit ring ite c lo e to main road ( WH  , 1 998) .  
ulphur dio ide concentration in the atmo phere of bu Dhabi city during the 
pen d f tudy at the thr e tations wer b low the air qualit tandard 0.047 ppm 24-
hour tandard. a hO\'\<T1 in ( Figure 4- 1 ) . oncentrations were al 0 below the I -hour 
tandard (0 . 1 33 ppm) and the annual tandard (0 .0 1 7  ppm),  a hown in (Table 4-2) .  
Howe\,er ther ha been a lit t le increas . about 0.00 1 ppm of each yearly mean values 
during the peri d of tudy in all tations. Al 0, 75% of the data which gives the 
indication of relatively "dirty' pollution Ie e ls are approximately below or equal to 
0 .006 ppm. \.\<hich i cIo e to the natural background concentration (0 .00 1 ppm), 
e pecially in th re idential area (0 .002) a hown in (Table 4-2) .  
onsidering the incidence of short-term peaks, there was only three maximum 1 -
hour concentrat ions abo e 0. 1 33-ppm ulfur dioxide during the four years occurring in 
2000 and 200 1 with Ie el of 0 . 1 39 ppm and 0. 1 96 ppm respectively in the FECC area 
with prevailing wind blowing from the northwest, and in the Bateen area, in 1 999, with 
level of 0. 1 72 ppm with a prevailing wind blowing from northwest (Table 4-2) .  It is 
therefore con idered unlikely that 98 percentile level in Abu Dhabi emirate will be 
exceeded. 
B. Nitrogen dioxide (NOJ 
Ambient concentration of N02 10 air is variable. I n  most cit ies of developing 
countries the annual mean concentrat ion o fN02 remains below 0.02 1 ppm. On the other 
hand, in deve loping countries, the annual mean concentration of N02 ha exceeded 
0.035 ppm as in Mexico City, Mexico, in 1 990. Also, in Sao Paulo, Brazil ,  the annual 
mean concentrat ion of N02 has exceeded 0. 1 24 ppm. Also, high levels of N02 may be 
seen in other developing countries, especial ly in those with high and increasing car 
traffic (WHO, 1 998) .  
itrogen d ioxide concentrations in the atmosphere o f  Abu D habi c ity during the 
period of study at the t hree stations exceeded 0. 1 1 0  ppm I -hour standard the proposed 
air qual ity standard o f  Abu Dhabi c ity on some occasions, most ly in the FECC and 
Mussafah area , as shown in ( Figure 4-2) .  However, the 75% of data which gives the 
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ind icat i n f re lat ively "d irty" p l lut ion Ie e l  are appro imately below or equal to 
0.042 ppm, which i Ie than I -hour tandard, as hown in (Table 4-3) .  
n idering the inciden e of hort-term peak , there were f i  e rna lmum I -hour 
con entrat ion a ve 0. 1 1 O-ppm of nitr gen d ioxide during the four year occurring in 
1 999 and 200 I with Ie el 0 f 0. 1 46 ppm, 0. 1 77 ppm re pecti ely in the FE C area, and 
at the Mu afah area in 2000 and 200 1 with level of 0. 1 2 1 ppm, 0 . 1 1 2ppm, 
re pect ivel). Although, the annual mean concentrations of N02 exceeded the annual 
tandard 0.02 1 -0.026ppm, tho e Ie els occurred only at the FE C and Mussafah areas 
through all the year , a hown in (Table 4-3) .  
Bateen area had the lowe t N02 level a e pected. On the other hand, po l lut ion 
level of 2 in the FEC and Mus afah areas were very c lo e· see (Table 4-3 ) .  
C. Nitric oxide (NO) 
I t  i ery clear from (Table 4-4), that there i an increase in the yearly mean at the 
three tat ion , with the highest in the Mu afah area, through 1 998 to 200 1 .  The annual 
mean of the Mu afah area had exceeded the air quality standard 0.02 1 -0.026 ppm; also 
the 98% of the alues e ceeded the I -hour air quality standard 0. 1 1 0 ppm each year­
e pec ial l with high value of 0. 1 73,  0 .2 1 1 ,  0.228, 0 .258 ppm, respect ively through the 
period of study. This could be attributed to a large quant ity of heavy-duty vehicles 
moving on the road as wel l  as other industrial act ivit ies in the area. 
Although, in the FECC area the 98% percenti le o f  the values exceeded I -hour air 
quality tandard of 0. 1 1 0  ppm in the last two years with a high value of about 0 . 1 1 2 
ppm, 0. 1 20 ppm in 2000-200 1 ,  respect ively. This could be attributed to traffic at the 
FECC area. 
D. Carbon monoxide (CO) 
Carbon monoxide concentrations are normally reported in terms of an 8-hour 
average concentrat ion. This averaging t irne has been used becau e it take from 4 to 1 2  
hours for the carboxyhaemoglobin leve ls in the human body to reach equi l ibrium with 
the ambient carbon monoxide concentration. 
Carbon monoxide concentrations in the atmosphere of Abu Dhabi c ity during the 
period of study at the three stations were below the air quality standard (9 ppm 8-hour 
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tandard , the pr ed air qualit tandard for Abu Dhabi c ity, a hown in Figure 4-3 . 
I !owe\ er. the 75°'0 \\hich gi e the ind icat ion of  a r lat ively " d irty ' pollut ion Ie el are 
approximatel, bel \.\- 1 . 5 ppm, \\hich i c lo e to the natural background concentrat ion 
( 1 .0 ppm) e p c ial l  in the Bate n ar a (0 .07ppm), a hown in Table 4-5 .  
'otabl . 9 °-'0 f the t ime. hourI I el were below the air qual ity tandard of 25 
ppm. Ilov"e er th ma imum I -hour average concentrat ion of 0 at the FEC area 
reach d a record high of 20.2 ppm in 2000. Al 0, there ha been no big change on the 
earl mean alue at the F 
hown in Table 4-5 . 
area during the period of study, at all tations, as 
Thi wa pr babl due to the h ight of the monitoring tation in the FECC area. the 
monitoring tat ion there i located at about 25 meters away from the immediate 
influence o f  the road, therefore we e pected higher CO concentrat ion tho e that 
re orded b the network. 
The CO po llut ion Ie el wa the highest at the FECC area, fo l lowed by the 
Mu afah and Bateen area (Table 4-5) .  Which mean that highest concentrations were 
u ually mea ured near major road , with ehicles being the major source of CO. 
E. Ozone (03) 
I n  mo t analyzed cities, the 03 concentration exceeded the 8-hour mean standard of 
0.06 ppm such a in Mexico City over 300 days a year in 1 994- 1 996, and the 98% of 
maximum daily I -hour average 03 concentration was about 0.225 ppm ( 0. 1 02 ppm l ­
hour standard), ( WHO, 1 998) .  
Ozone concentrations in the atmosphere of Abu Dhabi c ity during the period of 
tudy at the t hree stations exceeded the propo ed air quality standard for Abu Dhabi 
c ity (0.06 ppm 8-hour standard), in the FECC and Bateen areas, as shown in Figure 4-4. 
Considering the incidence of short-term peaks, there was a peak of maximum 1 -
hour concentrations above 0. 1 1  O-ppm o f  ozone during the four years with levels of 
0. 1 1 3 ,  0. 1 1 8, 0 .292, 0 .354 ppm in the FECC area, respect ively. There was no 
ignificant change in the yearly mean values during the period of study at all stations 
(Table 4-6). 
AI  0, at the Bateen area, the maximum I -hour concentrat ion was 0. 1 59, 0. 1 1 2 ppm 
in 1 998 and 2000, respectively. On the other hand, 75% of  the values which give the 
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Figure4-2: Box plol compari\oll (or I-hour lIitrogell dioxide levels at the three Slatiolls durillg 1 998-2001 
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Table 4-3: Frequellcy distribution of I-hour mealls for lIitrogell dioxide ill each station during / 998-2001 
Year Station Min 5 1 0  25 50 75 90 95 98 Max Mean 
1 998 0.000 1 0.008 0.0 1 1 0.0 1 8  0.026 0.036 0.045 0.050 0.057 0.09 1 0.027 
1 999 0.000 1 0 .0 1 0  0.0 1 4  0.020 0.029 0.040 0.050 0.055 0.062 0. 1 46 0.030 
2000 0.00 1 0.0 1 2  0.0 1 5  0.023 0.03 1 0.04 1 0.050 0.056 0.063 0. 1 00 0.032 
200 1 t..:.. 0.000 1 0.0 1 1 0 .0 1 4  0.02 1 0.030 0.039 0.049 0.055 0.065 0. 1 77 0.03 1 
1 998 0.000 1 0.008 0.0 1 1 0.0 1 9  0.028 0.037 0.045 0.05 1 0.057 0.095 0.028 
1 999 � 0.000 1 0.008 0.0 1 1 0.0 1 9  0.029 0.039 0.048 0.054 0.060 0.097 0.029 
2000 5\ 0.000 1 0.007 0.0 1 0  0.0 1 7  0.028 0.040 0.050 0.056 0.064 0. 1 2 1  0.029 '" '" 
200 1 � 0.000 1 0.005 0.009 0.0 1 8  0.030 0.042 0.054 0.06 1 0 .070 0. 1 1 2 0.03 1 
1 998 0.000 1 0.002 0.004 0.006 0.0 1 2  0.020 0.030 0.036 0.04 1 0.065 0.0 1 4  
1 999 s:: 0.000 1 0.00 1 0.002 0.005 0.0 1 0  0.022 0.034 0.042 0.048 0.090 0.0 1 4  Il) 
.:WOO OJ 0.000 1 0.00 1 0.002 0.004 0.009 0.0 1 8  0.030 0.038 0.046 0.085 0.0 1 2  {;j 
200 1 CO 0.000 1 0.00 1 0 .002 0.005 0.0 1 1 0.02 1 0.034 0.044 0.054 0. 1 1 1  0.0 1 4  
Table 4-4: Frequency distribution of I-hour meansfor lIitric oxide in each station during 1 998-2001 
Year Station Min 5 1 0  25 50 75 90 95 98 Max Mean 
1 998 0.000 1 0.000 0.000 0.00 1 0.005 0.0 1 6  0.034 0.052 0.082 0.436 0.0 1 3  
1 999 0.000 1 0.000 0.000 0.002 0.006 0.0 1 8  0.039 0.058 0.092 0.49 1 0.0 1 5  
2000 0.000 1 0.000 0.00 1 0.002 0.007 0.020 0.044 0.068 0. 1 1 2 0.482 0.0 1 7  
200 1 t..:.. 0.000 1 0.000 0.00 1 0.002 0.008 0.023 0.049 0.07 1 0. 1 20 0.566 0.0 1 9  
1 998 .£: 0.000 1 0.00 1 0 .002 0.004 0.0 1 2  0.034 0.075 0. 1 1 6 0. 1 73 0.500 0.028 
1 999 '..:= 0.000 1 0.00 1 0.002 0.004 0.0 1 4  0.044 0.098 0. 1 44 0.2 1 1 0.530 0.035 '" 
or. 
2000 f- 0.000 1 0.00 1 0.002 0.004 0.0 1 3  0.045 0. 1 07 0. 1 57 0.228 0.524 0.037 =: 
..,... 
200 1 � 0.000 1 0.000 0.00 1 0.005 0.0 1 9  0.064 0. 1 30 0. 1 86 0.258 0.670 0.047 
1 998 0.000 1 0.000 0.000 0.000 0.00 1 0.00 1 0.009 0.023 0.054 0.329 0.004 
1 999 s:: 0.000 1 0.000 0.000 0.000 0.00 1 0.002 0.0 / 1 0 .029 0.07 1 0.4 1 5  0.006 
2000 � 0.000 1 0.000 0.000 0.00 1 0.00 1 0.002 0.0 1 2  0.032 0.073 0.500 0.006 {;j 
200 1 CO 0.000 1 0.000 0.000 0.000 0.00 1 0.002 0.02 1 0.049 0. 1 07 0.500 0.009 
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Figureif-3: Box plot compari'iOn (or 8-hour carhon monoxide level5 at the three stations dllring 1 998-
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Table4-5: Frequellcy distriblltioll of I-hollr means for carboll mOlloxide ill each statioll dllring /998-
2001 
Year Station Min 5 1 0  25 50 75 90 95 98 Max Mean 
1 998 O.OO l 0.40 0.49 0.66 0.95 1 . 37 1 .90 2.25 2 .75 1 0. 1 0  1 .09 
1 999 ..:.l 0.00 1 0.43 0.50 0.66 0.9 1 1 . 30 1 .78 2 . 1 1  2.60 1 5 .80 1 .06 
2000 � 0. 1 7  0.44 0.52 0.67 0.92 1 .3 1  1 .79 2 . 1 4  2.69 20.20 1 .07 
200 1 0.00 1 0.40 0.48 0.63 0.85 1 . 1 9 1 .66 2.0 1 2 .58 l 3 .22 1 .00 
1 998 .<= 0.00 1 0.29 0.34 0.47 0.68 1 .00 1 .45 1 .78 2.25 1 3 .50 0 .8 1 
1 999 � 0.0 1 0.29 0.33 0.46 0.68 1 .03 1 .50 1 .9 1  2.43 5 .74 0 .82 '" 
or 
2000 J; 0.00 1 0 .28 0.33 0.45 0.65 1 .00 1 .47 1 .8 1  2 .3 1 5 .66 0.80 :> 
200 1 � O.OO l 0 29 0.35 0.50 0.73 1 . 1 3  1 .63 2.0 1 2.53 8 .85 0.89 
1 998 5 0. 1 7  0.28 0.3 1 0.37 0.46 0 .63 0.92 1 . 1 7  1 .6 1  5 .04 0.56 1 999 t!) 0.0 1 0 .24 0.27 0.34 0.42 0.60 0.92 1 . 1 9 1 .73 6.79 0.54 
2000 
E 
0.00 1 0.24 0.28 0.34 0.44 0 .64 0 .96 1 .32 1 .87  8.04 0.56 CO 
200 1 0 .00 1 0 .22 0.25 0.32 004 1 0.59 0.9 1 1 .25 1 .92 9.66 0.53 
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ind icat ion o f  relat i e l  "dirt " p ! lut ion I vel wer appr imatel below 0.05 ppm, the 
natural backgr und con entration of 3 in relat i I unpo lluted parts of the world, as 
"ho\\n in Table 4-6. 
It i int re ting to find that the F and Bateen area had the higher ozone Ie els, 
alth ugh on of iL procure , Ie els wer lower than that in Mu afah, to under tand 
that \\ mu t know the 070ne-nitrogen 0 ide relat ionship. 
It i lear that by e. amin ing the data of Ie el  at the three tations in bu Dhabi 
c ity, it ha been not iced that there i a trong inverse re lat ionship between 0 and 03 
concentrat ion a hown in ( Figure 4- 1 0) for ozone and ( F igure4-7) for nitric oxide. 
Thi mean that mo t of the 0 entering the atmosphere of Abu D habi c ity from 
pol lut ion ource consume mo t of the 03 to become an oxide to N02• This very rapid 
reaction (Harri on, 1 992) lead to ozone remo al from the air of Abu Dhabi, which in 
turn lead to the pre ence of  this photo idant in low levels in the c ity atmosphere, 
e pecial l  at indu trial area . 
F, Particulate matter (PM/O) 
I n  orne area ver high Ie e ls o f  PMIO  occur naturally due to wind-blown dust 
from arid o il . Human act ivit ies, such as fires, overgrazing, agricultural pract ices and 
mining, can increase particle concentrat ion in air. I n  many c it ies the annual average 
concentrat ion of PMIO i in the range of 20 to 50 ug/m3 for ambient air ( WHO, 1 999). 
However, annual average concentrations in some c it ies in Eastern Europe and in some 
developing countries can be abo e 1 00J..lg/m3, such as in New Delhi, I nd ia, where levels 
that exceeded 250J..lg/m3 were observed. 
PMIO concentrat ions in the atmo phere of Abu Dhabi c ity during the period o f  study 
at the three stat ions exceeded the proposed 24-hour air qual ity  standard for Abu Dhabi 
c ity of 1 50 J..lg/ml. More than 25% o f  the 24-hour values exceeded the air qual ity 
tandard especial ly in the Mussafah area, as shown in F igure 4-5 . 
Concerning the inc idence of short-term peak , there was a peak of maximum I -hour 
concentrations of PMIO during the four years, with level above 1 000J..lg/m3. Also, the 
annual levels of PM,o  exceeded the air quality standards (50-60J..lg/ml) at all stations 
through all the years, see (Table 4-7).  There has been l it t le increase o f  the yearly mean 
values from 1 998 to 2000, and a small  fal l  in 200 1 at all stat ions. Also, 
Figure 4-4: Box plot compari 011 {or 8-hour oZOl1e levels at the three staliol1 during 1 998-2001. 
o.J 
co 
0 09 
0 .08 
0 07 
0 06 
a;> 0 05 w 
z 
o 
N 
o 
0 04 
0 .03 
0 02 
0 01 
0 00 
0 .09 
0 08 
0 .07 
0 .06 
(ppm) 0.05 
in 0 04 
199.9 
0 .03 
0 02 
0.01 
0 .00 
* 
* 
* O.060ppm -+------�------------------------�----_4 a-hoHr 
,tnJdtlrtJ 
FEce MUSSAFA.R .BA TEElv 
# 
* * 
O.060ppm 
a-hour 
i ,QndtlrcJ 
FEce MUSSAFA.R .BA TEEA 
62 
63 
0 09 * 
* 
0 .08 * 
0 07 
0 06 0.060ppm 0.1 a-hoHr 
(ppm) 0 05 ,tuJducJ 
in 
2000 0.04 
0 03 
0 .02 
0 01 
0 00 
FEee MUSSAFAB BA TEEfoJ 
* 
0 225 
0 .200 
0 1 75 * 
0 1 50 * O,J 
(ppm) 0 1 25 * * 
in 0 1 00 2001 * 0 07 5  0.060ppm 0 .050 � a-boHr 0 025 ,t:mducJ 0 000 
FEee MUSSAFAB BA TEEfIi 
Figure4-5: Box plot compari Oft (or 24-Itour P lio levels at tlte t"ree 5tatiollS duriftg /998-2001. 
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Table4-6: Frequency distribution of l-Itour means for ozo"e in each tatio" duri"g 1998-2001 
Year Station Min 5 1 0  25 50 75 90 95 98 Max Mean 
1 998 !-Lee 0.000 1 0 007 0.0 1 0  0 .0 1 7  0.027 0.039 0.049 0.055 0.063 0. 1 1 3 0.028 
1 999 0.000 1 0.006 0.0 1 1 0.0 1 8  0.028 0.040 0.050 0.056 0.064 0. 1 1 8 0.029 
2000 0 000 1 0 007 0.0 1 1 0.0 1 7  0.027 0.039 0.049 0.055 0.06 1 0 .292 0.028 
200 1 0.000 1 0.003 0 .005 0.0 1 3  0.025 0.039 0.050 0.056 0.066 0.354 0.027 
1 998 Mussatah 0.000 1 0.00 1 0 .00 1 0.002 0 .0 1 1 0.024 0.036 0.043 0.05 1 0.08 1 0.0 1 4  
1 999 0.000 1 0.000 0.000 0.00 1 0.008 0.02 1 0.032 0.038 0.046 0.080 0.0 1 2  
:WOO 0.000 1 0.000 0.00 1 0.002 0.006 0.0 1 8  0.028 0.034 0.039 0.076 0.0 1 1 
200 1 0.000 1 0.000 0.000 0.00 1 0.005 0.0 1 6  0.027 0.033 0.039 0.066 0.009 
1 998 Bateen 0.000 1 0 .002 0.006 0 .0 1 6  0.030 0.042 0.05 1 0.058 0.070 0. 1 59 0.029 
1 1)99 0.000 1 0.002 0.005 0.0 1 7  0.033 0 .045 0.053 0.060 0.067 0.099 0.03 1 
2000 0.000 1 0.002 0.004 0.0 1 3  0.029 0.043 0.050 0.055 0.06 1 0 . 1 1 2 0.028 
200 1 0.000 1 0.002 0.003 0.0 1 3  0.028 0.042 0.05 1 0.056 0.064 0.099 0.028 
Table4- 7: Frequency di tribution of I-hour means for PM/o in each station during 1 998-2001 
Year Station Min 5 1 0  25 50 75 90 95 98 Mah Mean 
1 998 FECe 5 28 35 49 72 I I I  1 67 2 1 3  287 1 620 9 1  
1 999 5 26 34 49 74 1 1 8 1 87 244 352 2000 99 
2000 5 23 30 47 86 1 56 2 7 1  374 548 1 468 1 27 
200 1 5 1 8  28  45 72 1 1 9 1 90 264 375 1 20 1  97 
1 998 Mu safah 5 37  47 70 1 06 1 66 263 37 1 553 4 1 1 2  1 44 
1 999 5 30 43 67 1 09 1 78 293 4 1 2  622 4942 1 55 
2000 5 1 6  33  63 1 1 8 207 340 492 749 4 1 22 1 73 
200 1 5 28 45 74 1 1 8 1 87 293 390 546 2647 1 53 
1 998 Bateen 5 24 33  46 63 90 1 29 1 70 263 1 1 27 78 
1 999 5 23 3 1  46 68 1 06 1 68 222 339 2000 9 1  
2000 5 1 9  27 45 86 1 54 283 407 580 1 96 1  1 30 
200 1 5 1 2  1 6  28 45 75 1 1 6 1 53 203 566 59 
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7 -0/0 f I -h ur alue \\ hi h give the indicat ion of a relat i el "dirt ,. p llut ion level 
are approximate I above 1 00�g/m3 at th FE and Mu afah areas through the entire 
period of tudy. However, the Bateen area wa abo e 1 00�g/m30nly in 1 999 and 2000, 
a hown in Tabl 4-7. 
The high t annual Ie el of PMIO at the Mu afah area probably wa due to 
unpaved road , indu trial acti it ie , mas ive movement of heavy duty vehicles and 
'tronger wind in that area. On the other hand, the high I el of  PMIO in 1 999-2000 in 
the Bateen area was due to construct ion and agriculture acti it ies close to the 
monitoring tation. 
Part iculate matter ha become a major air pollution problem in Abu Dhabi city, 
re ult ing from. ongo ing construct ion nearby demolition act ivit ies, busy traffic, 
atmo ph ric chemical reaction , sea spra , and wind-blown sands. I t  has been noticed, 
that very high level of PMIO are caused by natural source , which can be verified by the 
color of filter element ( light brown like and). 
4. 1.2 Seasonal and temporal variations. 
easonal variat ions are generally caused by metrological factors and to a lesser 
degree b ea onal change in emission rate . Furthermore, variations in sulphur 
dioxide. nitrogen dioxide and ozone production by the atmospheric chemical reactions 
play an e ent ial role. 
A. Sulphur dioxide (SOl) 
Figure 4-6 shows the easonal variation of sulphur d ioxide concentrat ion during the 
period from August 1 998 to December 200 1 for three area : the FECC, Mussafah and 
Bateen. respectively. I n  terms of monthly variat ion of ulfur d ioxide concentration it 
became clear that all stations have similar variat ion and the maximum monthly average 
concentration of O2 was detected during the winter months ( October-April). On the 
other hand. low concentrations were recorded during the summer months ( May-
eptember). 
There are two reasons for the moderate winter-summer variation of S02 
concentration found in the Abu Dhabi atmosphere. The first reason, representing a 
minor effect is the restricted ventilation of  the c ity air during the winter months. AI 0 it 
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uld be due to I ng peri d of tability in the atmo phere a a re ult of longer night 
frequently 0 iated \i ith temperature inv r ions. 
Furthermore, the paramount factor were the in er e relat ion hip between the O2 
c n entrat ion with temp rature and relat i e humid it ( Wil on, 1 970). AI 0, Wil on 
( 1 970) report d that in the dry air, there i no apparent loss of  01, either with or 
\\ ithout unlight energy, and high temperature accelerate the oxidation rate of SOl to 
ulphuric acid. 
However, 2 at relati e humidit greater than 30% (activated O2 energy level of 
m lecule i increased b unlight) i oxid ized to 03• Then S03 reacts with vapour to 
form ulphuric acid ( Wi l  o� 1 970). 
B. itric oxide (NO) 
Figure 4-7 how that the ea onal variations of  nitrogen oxide concentrations, 
during the tud period were approximate ly imi lar at the three stations. During the 
ummer months, 0 levels were very low compared with winter months. There are 
many rea on for the moderate winter-summer variat ion of 0 concentration found in  
the Abu Dhabi atmosphere. The first reason represents a minor effect, being that there 
was a reduction of traffic in the summer, because people are on vacation-e pec ial ly from 
Jul to eptember, which lead to a decrease in NO concentrat ion. Another factor 
affecting the 0 concentration i the cold start of vehicle engine , which can explain the 
higher concentrat ions during winter months. Another factor to decrease NO levels on 
ummer months i the higher intensity of sunshine in summer months, which wil l  
oxidize the NO to N02• 
C. Nitrogen dioxide (NO]) 
Between August 1 998 and December 200 1 , the monthly variations of  nitrogen 
d ioxide concentration at the three stations were approximately simi lar, as shown in 
Figure 4-8.  The monthly variat ion shows the same variation as the O2, which impl ies 
that O2 levels depend on the variat ion on temperature and humidity ( Wi lson, 1 970). 
This reveals the high abi l ity  of N02 to form nitric acid in the presence of humidity at 
Ie els of more than 3 0%, as what happened to the S02 ( Wilson, 1 970). This can be 
explained by the fact that during summer the higher intensity of  sunshine accelerates the 
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o idat i n f � to �, then 2 react with humid it} (ab e th 30% level) to form 
nitric a id. n the other hand, the humidity in wint r can be m re than 30% but the 
intcnsit of un hine i er. lo�. Thi reduce the oxidat ion of O. I n  addit ion, at 
indu trial area th nitr gen d io ide Ie el were high becau e of the indu trial activit ies, 
ontribut ion. 
D. Carbon mOlloxide CO 
Figure 4-9 h w that the ea onal level of carbon monoxide concentrations 
b tween ugu t 1 998 and December 200 1 are not imi lar at the three stations; due to the 
amount of  traffic in each area. During the ummer ( July to eptember) when most 
people are on vacat ion, there i a reduct ion of traffic, which leads to a decrea e in CO 
c ncentration, which c lear in the FECC and Bateen areas. With the except ion of the 
Bateen area in Augu t of 2000, when the CO concentrat ion was very high due to an 
unknown reason. Another factor affecting the CO concentration is the cold start of  
ehicle engine , which can explain the higher concentrations during winter months. 
Ho\ e er, at Mu afah, the CO Ie el approximately had a simi lar variat ion over the 
ho Ie . ear. Tho e levels reflected the affect of  the indu trial act ivit ies and the traffic in 
thi area. 
E. OZOlle (03) 
The easonal variat ion of  ozone is similar at all stations (Figure 4- 1 0), with higher 
values occurring in the early summer, coinciding with the sunshine intensity increase. 
An inverse relationship between 03 and NO in term of sea onal variat ion was detected 
from the comparison of Figures 4-7 with 4- 1 0. 
F. Particulate matter (PMlO) 
Figure 4- 1 1  hows that the easonal variations of PMIO concentrations during the 
study period were approximately similar at the three tations. Except in the Bateen area 
where there was a clear decrease in PMIO levels in 200 1 due to the end of construction 
activities near the monitoring site. During the winter there is a decrease in the PMIO 
concentrat ion. This could be due to effect of a decrea e in the relative humidity 
percentage. Gi en these factors, the particulate matter pollutants are effect ively removed 
from the atmosphere by gravitational settl ing if the part icle size is sufficiently large. 
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H \I"ever, the mall part icle are rem ved b aggregation to form larger part icle of 
higher fall ing , p ed ( H ind & Farag, 1 983) .  Aggregation i greatly enhanced in the wet 
atmo phere, vi er a in the ummer when the concentrat ion of PM,o i ery high. 
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Figure 4- 7: eo onal Variations o{nitric oxide at the three station during 1 998-2001 
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Figure 4-8: easonal variatiolls o{nitrogen dioxide at t"e t"ree statiOll durillg / 998-2001 
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Figure 4-9: 
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Figure 4- 10: ea.50llal �'ariatiof15 o(ozolle at t"e t"ree statio II .. durillg 1998-2001 
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Figure4- 1 1: • easollal �'ariatioll o(particulates matter (P 110) at tlte t/tree stations during / 998-2001 
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4.2 RELA TIO 'SHIP BETWEE 
POLL UTA T LEVEL 
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METEOROLOGICAL FACTORS AND 
Taking into c nsideration all the variables, weather i the only variable factor that 
can di lute or conc ntrat the e emitted po llutant in the atmosphere over a given area or 
regl n. 
The mo t important lement which we call meteorological factors are wind speed 
and direction, air temperatur , and r lative humidity. 
Multiple regre ion i an anal is performed to see if there i a linear relationship 
between meteoro logical variable and pollutant levels. The result of this analysis were 
ummariz d in Table 4. 8a-4.8c for the three tat ions during 1 998-200 1 . Note that sig. of 
f, R- quare terms, are indications of  the significance of  the regre sion model. The 
coefficient p- alu and t-te t indicate the significance of  each effective meteorological 
variable n pollutant level and the type of the relationship ( inverse or direct). 
we can ee from Table 4.8a-4. 8c, meteorological parameters have a ignificant 
effect p< 0.05 for aU pollutants except O2 and PMIO  at the Bateen area. Also R-square 
obtain that there i an effect of  une plained factors on level of pollutant , ranging 
b tween 54-7 1 %. This wa according to meteorological factors in the Mu safah area 
becau e it i flat land with no high buildings as in the FECC area. The high buildings 
limit the effect of the wind direction and peed as can be seen by the R-square ranging 
between 42-60% . But in Bateen, the reason for a limited effect of R-square ranging 
between 30-65% is the fact that there are no high buildings. A lso, it is a coastal area 
\\ here the sealland breeze will have some effect. I n  addition there were construction 
activitie in the area at the t ime. 
Table 4-8a shows that in the FECC area, wind speed has an inverse relationship 
with CO and nitrogen oxides and a direct relationship with ozone levels. Wind d irection 
had a d irect relationship with S02 N02 03 and CO. lastly temperature has only an 
inverse relationship with CO and a direct relationship with PM IO• Humidity had only an 
inverse relationship with S02 and N02. 
Table 4-8b shows that in the Mussafah area, wind speed had an inverse relationship 
with CO O2 and 0 and a direct relationship with ozone levels. Wind d irection had a 
direct relationship with O2, 03 and PMIO• Temperature had only a direct relationship 
with PMIO- and an in er e relation hip ith O2, 
im er e relation hip with 2 and 2. 
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2 and 3 - Humid it had an 
Table 4- c how that in th Bat en area, wind peed had an in er e relationship 
onl with . Wind direction had a direct relation hip on! with 3 .  Temperature had 
onl an m\'er e relation hip with and nitrogen 0 ide . Humidity had an in erse 
relat ion hip onl with 2 .  n the other hand, no eITect of meteorological factor on 
2 and PMIO Ie el were recorded at the Bate n area. A decrea in wind p ed will 
in rea e the pollutant I el of pollutant that ha e a linear relationship with wind 
peed- with the e. ception of ozone. Thi means that winds with high speed that blew 
over the three area had a ignificant role in transporting and dispersing atmospheric 
pollutant . 
From the meteorological data pre ented, it seems reasonable to ay that an increase 
in wind to the northwe t will increase the pol lutants levels that have been shown to have 
a linear relation hip with wind direction. This mean that northwe t wind that blew 
over the three area had a significant role in tran porting and di per ing the atmospheric 
pollutant monitored at those areas. On the other hand, a decrease in wind peed will 
inc rea e the pollutant levels that ha e an inverse linear relationship with wind speed 
e cept ozone. 
1 0,  the in er e relationship of humidity with O2 and N02 indicates the ability of 
the acid gase to form sulphuric acid and nitric acid in the atmosphere of Abu Dhabi 
c ity. 
Finally, the increase in temperature ( een in the summer months) will decrease the 
pollutant level of all pollutants with the exception of PMI O. 
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Ta ble 4-8a: The effect of meteorolQia on the Qoll uta nts at FECC station 
Station Pollutant .'l.feteorological(P-t'alue & T-test Sig. of F R-sq 
/l ind jpeed W ind direction Temperature Relative 
humidity 
SOZ NS 0.002 (3A) NS 0.000 1 (-·U) 0 . 00 1  4 2 . 1 % 
NO 0.000 1 (-.U) NS NS NS 0 . 0001 5 6 . 5 % 
FE NOz 0.00 1 (-3.7) 0.()02 ( 3.3) NS 0.0 1 9  (-1.5) 0 . 001 4 1 . 7 % 03 0.0001 ( -'.0) 0.007 ( 2.9) NS NS 0 . 0001 60 . 9% 
CO 0.0(0 ) (-..... ' ) 0.002 ( 3.4) n.00O I H.3) NS 0 . 0001 4 2 . 6% 
PM 10  NS NS 1 1.003 (3.2) NS 0 . 0001 55 . 1 % 
Ta ble 4-8b: The effect of meteorolQgy on the Qoll uta n ts at M ussafa h  station 
Station Pollutant Meteorological(P-t'alue & T-test) Sig. of F R-sq 
" 7nd speed "'7nd directioll Temperature Relative 
humidity 
SOz 0.002 (-3. 4) 0.027 ( 2.4) II.UU6 (-2.9) 11.01111 (-.U) 0 . 001 53 . 6 % 
.c NO 0.0(10 (-"'.S) NS 1 1.0£1 1 (-3.S) NS 0 . 0001 70 . 9% � NOz NS NS U.OOO l (-5A) 11.00 1 (-3.7) 0 . 0001 6 5 . 1 % eo; <II 
1 1.002 0.00 ) (-3.7) NS <II 03 0.004 ( 3. 2)  ( 3.4) 0 . 0001 62 . 6% ::I 
� CO 0.000 (4' •. J) N� NS NS 0 . 0 0 0 1  68 . 6% 
P M I O  NS 11.023 ( 2.4) 0.002 ( J.4) NS 0 . 0001 68 . 8 % 
Ta ble 4-8c: The effect of meteorolQJa on the Qolluta n ts at Bateen station 
Statio" Polluta"t Meteorological(P-value & T-test) Sig. of F R-sq 
� Hlld speed W ind Temperature Relatil'l! 
directiofl humidit), 
S02 X X X X NS NS 
NO 0.0 1 6  (-25) NS £1.0001 (-5.3) NS 0 . 0001 5 8 . 1 % c 
QI NOz NS NS 0.000 1 (-K I )  f ).000 ) H.-t) 0 . 0001 64 . 9 % QI � 03 NS 1 1.000 1 (6.11) NS NS 0 . 0001 63 . 3% CO CO NS NS 0.0 1 3  (- 2.6) NS 0 . 01 30 . 4 % 
P M I O  X X X X NS NS 
S= "ot ig"ificallt. 
X= no affect 
4.2 POSSIBLE SOURCES OF POLL UTION 
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[0 identif) the po ible urce affecting the air quality in bu Dhabi city during 
the eri d of tudy, we had to plot th wind on a radical graph. nl th e t ime during 
which th onc ntration of a pollutant i abo e a certain minimum are u ed. A variat ion 
of a v. ind ro e called a pollution ro e i u ed, as shown in Figures 4- 1 2  to 4- 1 7  in year 
_00 1 . r the peri d from 1 998 to 2000 refer to appendix A. 
To aid the tracing of po l lut ion urce , orne princ ipal centers of industrial 
acti it around bu Dhabi ity are i l lu trated in Figure 3 - 1 ,  p-( 3 5 ) . The mo t triking 
featur characterizing th a ai lable data can be i l lustrated in the fol lowing ect ion . 
A. Sulphur dioxide (SO:!) 
The po l lution ro e for O2 pinpo int that the main contributor comes from the 
north-we t with a greater portion in the FE C and Bateen areas. At the Mussafah area, 
the main contributor come from the we 1,  as ha been showed in ( Figures 4- 1 2).  Also, 
Mu afah ha more contribution from the outh-east than other two areas, fo l lowed by 
the FECC area. The e ources may be from off: hore oi l  field act ivit ies, some onshore 
indu trial act i it ie . and a power plant , as can be een in the plotting in Figure 3 - 1 ,  the 
Mu afah area has O2 coming from their own factories. 
Another feature that i l lustrates that S02 Ie els are associated with an increase in 
wind velocity with range of more than 3 mls rather than lower o f  3 mls. This was 
recorded at FECC and Bateen areas. This fact further conflfms that some d istant 
pol lutants have been transported to the monitoring sites by some favored wind velocity 
ranges. 
B. Carbon monoxide CO 
CO is widely accepted as a local pollutant, mainly being emitted by motor vehicles. 
CO pollut ion roses, as demonstrated in (F igures 4- 1 3 ), pinpoint the main source from 
the busiest traffic areas from north-west, north-east at the FECC area and from east and 
south-east at the Bateen area. Al 0, at the FECC area, CO may come from a power 
plant associated with north-westly winds. The relatively high CO levels occurred 
during the period of light winds with about 2-3 %. The CO sources in Mussafah were 
observed as originating from almost all d irections in the industrials area. 
8 1  
itrogell oxide 0 
I he high 0 Ie els are a iated with ea t and outh-ea terl wind at Bateen, a 
h \\n in ( Figure 4- 1 4) .  While th major ource at the Mu afah and F C area 
c me fr m both the northwe t and outhea t direction . Thi ma indicate the high 
level of at Mu afah do influence the Ie els in Abu Dhabi city in add ition to 
the atTect from the local ourc . Th imi larit of Figures 4- 1 3  and 4- 1 4  of  and 
. p lIut ion ro e how the frect of ehicle emi sions on the N Ie els in the FECC 
and Bateen area a well .  
D. itrogell dioxide N02 
Th po l lution ro e for N 2 at three tations, a shown in ( Figure 4- 1 5 ), show N02 
coming from both the northwe t and outheast directions at the FECC and Mu safah 
areas. At Bateen, O2 came only from. the northeast. Thi i l lustrates the changing 
directions of th 0 ource . N02 i actually a econdary po llutant . Therefore, the 
atmo pheric chemical reaction and the alternat ive wind direct ions may determine the 
outcome of the O2 pollut ion ro e patterns. 
E. Ozone 03 
Figure 4- 1 6  exhibits that the 03 level are mainly a ociated with sea breezes from 
the northwe t, the north, and the we t at the FECC and Bateen area . At Mussafah, the 
high 03 Ie els are mainly associated with northwesterly winds and southwesterly 
wind . There was another feature showed that most levels of 03 are associated with 
trong wind . similar to S02 pollution roses. This could have been attributable to 
offshore ozone being carried onshore at the FECC and Bateen area. But in the 
Mus afah area, the probable sources were from the sea breeze from the northwest and 
from the onshore oil  field activities in the southwest. in addition to the ozone coming 
from the factories in the area. 
F. Particulate matter (PMJO) 
The po llution roses for P M 1 0  pinpoint that the main contributor a coming from the 
northwest and southeast at the FECC and Bateen areas. At the Mussafah area, the main 
82 
contributor came from v.e t and outhea 1 .  a ha been howed in Figure 4- 1 7 . 
mi ed picture indi ated a different urce of PMIO and a comple it of factor were 
im ol cd. in Mu 'afah, the high PM IO Ie el ere a ociated with trong outhea t 
\l ind blo\ ing over dI) it. Al 0, from onshore, there were the indu trial proce e .  
A mall port i n probabl came from ehicular traffic generat ing dust from the road and 
fr m t ire a well as particulate I ad compound from exhau t of petrol-engine 
vehicle and black moke from die el ehi Ie . Howe er, at the FE C area, the main 
ource were a Po\ er plant in the north, a ba is road in the northwest and construction 
activit ie in the outhea t. But the main ources of PM 1 0  at the Bateen area were likely 
to be from agricultur and con truction act ivities and ea spray. 
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A IR QUA LI TY & HEA L TH EFFECT 
5. 1 AIR QUA LITY INDEX IN ABU DHABI CITY 
Table 5 - 1 to 5 -4 repre ents the AQI values recorded in 1 998-200 1 ,  respectively. At 
the FEe area, The air quality was considered "good" 26. 5%,7 .7%, 1 9. 1 %  1 5 . 8% of 
time, "moderate" 77.4%, 65. 8%, 45 .9%, 62.4% of t ime, "unhealthy for sensitive group" 
1 5 .2%, 1 5 . 1 %, 1 8 .2%, 1 5 .85% of t ime," unhealthy" 4.6%, 6.6%, 1 0%, 4% of time, 
during 1 998-200 1 ,  respect ively. The air quality was considered as ''very unhealthy" 
1 .4%, 2%, 1 .4% of time, and "hazardous" 3 .4%, 4 .8%, and 0.6% during 1 999-200 1 .  
A l  0,  the annual average AQI value was 82, 96, 1 06 showing shifting from moderate to 
unhealthy for sensitive group air quality in I 998-2000, respectively and return to just out 
of moderate, 83%, in 200 1 . This may have been due to a reduction of construction 
act ivities in 200 1 . 
At the Mussafah area, the air quality was considered "good" 0%,2.2%, 5 .6% 0.6% 
of the t ime, "moderate" 7 1 .23%, 46.5%, 3 7.2%, 50.3% of the t ime, ''unhealthy for 
sensitive group" 1 7. 1 1 %, 28 .7% 28 .8%, 1 1 . 5% of the t ime," unhealthy" 7 .53%, 9.5%, 
1 3 . 1 ,  1 1 .5% of the t ime, during 1 998-200 1 ,  respectively. Air quality was considered as 
''very unhealthy" 2 . 73%, 5 .6%, 3 .4%, 4.4% of the t ime, and "hazardous" 1 .4%, 7.5%, 
1 2%, and 3 .2% during 1 998-200 1 ,  respectively. A lso, the annual average AQI value 
was 1 02 1 37, 1 47 showing a shift from "moderate" to "unhealthy" for the sensitive group 
air quality in 1 998-2000, respectively and a return to just out of "moderate" 1 1 8 in 200 1 .  
This may be due to differences in wind d irection that year. 
At the Bateen area, the air quality was considered "good" 1 9. 7%, 1 0.9%, 20.54% 
53 . 4% of the t ime, "moderate" 72.3%, 68. 1 %, 44.4%, 4 1 .4% of t ime, ''unhealthy for 
sensitive group ' 4.4%, 1 2 . 9%, 1 7. 8%, 0% of time," unhealthy" 3 .6%, 4.5%, 9.04%, 0% 
of  t ime, during 1 998-200 1 ,  respectively. Air quality was considered as ''very unhealthy" 
0%, 1 . 1 %, 0. 82%, 0.6% of t ime, and "hazardous" 0%, 2. 5%, 7.4%, and 0.6% during 
1 998-200 1 ,  respect ively. Also, the annual average AQI value was 69, 86, I l l , showing 
a shift from "moderate" to "unhealthy for sensitive group" air quality in 1 998-2000, 
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respective] and return to "good" 53 ,  in 200 l .  This may ha e been due to the complet ion 
f c n truction act ivities behind the monitoring site. This means that the Bateen area 
had better air quality than the FE C. The Mus afah industrial area had a "bad" air 
quality. Air was much more polluted in summer than in other seasons. Also, the critical 
po llutants affecting the AQI were PM I O  and 03 at Al Salam and Bateen., and PM I O  in 
Mus afah. 
5.2 HEALTH EFFECT OF THE CRITICAL POLLUTANT 
Three years' hospital admission visit records were abstracted from the Al-Mafraq 
and AI-Jazeerah hospitals in order to determine any association between air pollution 
and respiratory diseases. The present study revealed that there was a strong positive 
association between ozone and respiratory diseases ( see Table 5-5) .  This is in agreement 
with a t ime-series study that was carried out in Paris to obtain an association between 
daily asthma visit counts and daily variations of ozone levels (Fauruox et aI, 2000). 
Also,  there was a significant linear relationship between the sulphur dioxide levels 
and respiratory and non-respiratory diseases. This may be due to the presence of sulphur 
in the form of sulphuric acid which has the immediate effects of mist on the surface of 
the eyes. nose and throat . The patient will then visit the eye and ENT clinics (non­
respiratory diseases). This is in confirmation with a study done in London showing an 
association between S02 and worsening allergic rhinitis symptoms ( Hag at at el, 200 1 ) . 
On the other hand, a remarkably consistent associat ion between short term changes 
in morbidity, mortality, and PM 1 0  pollution has been found in several United States 
cit ies ( Schwartz, 1 99 1 ;  Schwartz and Dockery, 1 992). 
S imilar associations between PMIO  and hospital admissions or emergency room 
visits have also been shown in studies from North America, (Thurston et aI, 1 999; Pope, 
1 989; Pope 1 99 1 ;  Thurston et ai, 1 994; Schwartz, 1 992; Schwartz, 1 994). 
Despite PMI O  being the crit ical pollutant in Abu Dhabi city according to the air 
quality index, it did not show a significant relation with respiratory disease as did 
ozone. This may be due to the nature of the PMI O  in U .S  air which has been shown to be 
predominantly organic, whereas in Abu Dhabi, it is predominantly inorganic ( sand, 
salt ) .  
9 1  
The pre ent study lead t o  a better understanding o f  Abu Dhabi city environmental 
condit ion in general, and the ambient air quality in Abu Dhabi city by conducting a 
comparison of air po llut ion Ie els of individual po llutants for different years at different 
locations ( i .e.  an indu trial area, a residential location, and a heavy traffic area). 
Different air pollut ion patterns and seasonal variations were used to identify the 
relationship between human activities and air pollution levels, and to investigate the 
effects of air pollution on human health. 
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Table 5- 1: AQI values the three stations in 1998 
FECC area 
0-50 5 1 - 1 00  1 0 1 - 1 50 1 5 1 -200 20 1 -300 >300 
GOOD '\-10DERATE 1 N I l EA L T I I  l I'l I l EA LT\ J \  VERY l IAZ ARDOl S 
,\-tooth FOR l H EA LTtn Range A-e rage 
E� J T I \  E 
G ROl P 
\ uo - I S  1 4  2 - - 73- 1 6 1  1 03 
Srp - 27 3 - - - 70- 1 06  88 
OCI - 25 3 3 - - 55- 1 69 86 
'\0\ 2 26 I - - - 50- 1 5 1  65 
Dec 2 24 2 2 - - 46- 1 55 66 
L 4 1 1 7 23 7 - - 46- 1 69 82 °/0 26.5 77A 1 5.2 4.6 - -
Mussafah area 
0-50 5 1 - 1 00  1 0 1 - 1 50 1 5 1 -200 2 0 1 -300 >300 
GOOD 'tO D E R<\TE llN H EA L T I I  U N H EALTHY \' ERY H AZARDO l i S  
FOR CN H EA L T H Y  Range Average 
\tooth E S I T I V E  
G ROl P 
\ u" - 8 1 0  7 2 - 73-298 1 4 1  
Sep - 1 8  9 2 - - 77- 1 63 1 0 1  
Oct 22 5 I 2 - 66-2 1 7  98 
'\0\ - 28 I - - - 65- 1 24 83 
Ore - 28 - I - 2 54-449 93 
L - 1 04 25 1 1  4 2 54449 1 02 
% - 7 1 .23 1 7. 1 1 7.53 2.73 1 .4 
Bateen area 
0-50 5 1 - 1 00  1 0 1 - 1 50 1 5 1 -200 2 0 1 -300 >300 
GOOD M O DE RATE l I N H E A LTH U N H E A LT H Y  V E R Y  HAZARDOUS 
Month FOR U N H EA LTH \ Raoge Average 
SE -S J T I V E  
GROl P 
A u!!: - 22 4 - - - 55- 1 34 80 
Sep - 30 - - - - 55-87 69 
Oct 5 23 - 3 - - 45- 1 65 73 
1"0\ 8 1 0  - 2 - - 38- 1 98 66 
Dec 1 4  1 4  2 - - - 39- 1 43 54 
L 27 99 6 5 - - 38- 1 98 69 
°/0 1 9.7 72.3 4.4 3.6 - -
Table 5-2: AOI values at the three stations in 1999 
FECC area 
o-so S I - I OO 1 0 1 - I S0 1 5 1 -200 20 \ -300 
GOOD I\tODER.\TE l "' f I  E. \ L  Til  U \ I I EA LT l I 'I  V E R 'I  
I\ l o n l h  FOR l "l l i E A L T I I Y  
SE . I T I V E  
GROI P 
J a n  8 22 - - -
f e b  3 1 8  2 2 -
'\l8r 2 2 1  3 4 I 
Apr - 20 5 - I 
\18,  - 1 2  2 5 I 
J u o - 1 9  I 6 I 
J u l  - 2 22 4 I 
. \ ug - 1 2  1 4  2 -
Sep - 28 2 - -
Oct - 29 2 - -
' 0\ 2 28 - - -
Dec 1 2  1 9  - - -
L 27 230 53 23 5 
,!/o 7.7 65.8 1 5. 1  6.6 1 .4 
M ussafah area 
0-50 5 1 - 1 00 1 0 1 - 1 50 1 5 1 -200 20 1 -300 
GOOD \10DERATE l N l I EA L T I I  Vl\ H EA L  nn VERY 
FOR U N H EALTHY 
'tooth E NSI T I VE 
GROL P 
J a n  I 24 4 2 -
Feb 3 1 2  4 3 -
' t a r  - 20 3 3 I 
Apr - 1 2  7 6 3 
!\lay - 7 1 2  3 2 
J u n  - 5 1 1  5 4 
J u l  - - 1 9  5 2 
. \ ug - 5 1 6  3 4 
Sep - 1 0  1 4  2 4 
Oct - 22 8 I -
]\0\' 1 28 - - -
Dec 3 2 2  5 I -
L 8 1 67 1 03 34 20 
Ojo 2.2 46.5 28.7 9.5 5.6 
Bateen area 
0-50 5 1 - 1 00  1 0 1 - 1 50 1 5 1 -200 2 0 1 -300 
GOOD "'10 0 ERATE U N H E A LT H  U "I H EALTHY V E RY 
\10otb FOR U N H EALT H Y  
ENSIT I V E  
GROL P 
Jan 9 2 1  - - -
Feb 4 2 1  1 - -
'f a r  5 1 6  5 4 -
Apr - 25 3 I -
.'\13, - 1 7  5 3 2 
J u n  - 1 9  4 3 2 
J u l  2 1 1  1 3  3 -
A u!!: 1 6  1 0  2 --
Sep - 27 3 - -
Oct 30 I - --
"'o� 5 2 5  - - -
Dec 1 4  I S I - -
L 39 243 46 1 6  4 
% 1 0.9 68. 1 1 2.9 4.5 1 . 1  
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>300 
HAZARDOl S 
Range AHrage 
- 38-96 60 
2 35467 1 00 
- 35-232 87 
- 56- 1 40 82 
3 67-484 1 50 
3 67445 1 32 
2 75-500 1 5 1  
2 S7-500 1 36 
- 68- 1 1 2 84 
- 57- 1 05 72 
- 47-69 60 
- 27-84 54 
1 2  27-500 96 
304 
>300 
HAZARDOl i S 
Raoge A\ erage 
- 47- 1 39 86 
4 3 1 -500 1 49 
4 54-500 1 34 
I 5 1 -323 1 37 
5 89-500 1 75 
5 89-500 1 96 
5 1 1 8-500 200 
3 93-500 1 84 
- 75-255 1 32 
- 63- 1 63 94 
- 44- 1 00  80 
- 845- 1 73 8 1  
27 3 1 -500 137 
7.5 
>300 
I 1 AZARDO\.J S 
Range A\ erage 
- 40-92 57 
2 35-370 87 
- 47- 1 94 84 
- 54- 1 08 75 
I 54-500 1 1 4 
I 52-378 I I I  
2 33-468 1 20 
3 57-500 1 34 
- 55- 1 1 2 78 
- 55- 1 0 1  68 
- 34-64 54 
- 1 8- 1 45 54 
9 1 8-500 86 
2.5 
94 
Table 5-3: AOI values at the three stations in 2000 
FECC area 
0-50 5 1 - 1 00  1 0 1 - 1 50 1 5 1 -200 20 1 -JOO >300 
GOOD ' 1 0 D E RATE I. , N l I EA LT I I liN U EA L T H \  V E R \  IL\ZARDOl S 
'tooth FOR 1 H EA LTIn Raoge Average 
SEN I T J \ E 
GROl P 
J an 1 3  1 4  2 2 30- 1 88 65 .'cb 7 1 6  3 2 4 1 -500 1 02 
' I a r  3 20 3 5 39- 1 8 1  88 
\pr 2 1  9 56- 1 46 94 
\l a, 1 3  1 0  5 1 63-244 1 1 3 
J u o  3 6 4 I 1 2  75-500 2 7 1  
J u )  3 8 7 3 2 82-431 1 73 
.\ ug 1 0  1 2  8 I 86-333 1 3 1  
St>P 1 8  8 2 2 68-272 1. 1 4 
Oct I 27 3 42- 1 97 73 
",0' 1 8  1 0  2 25- 1 28 54 
Dec 25 6 25-93 42 
E 67 1 6 1  64 35 7 1 7  25-500 1 06 0/0 1 9. 1  45.9 1 8.2 1 0.0 2.0 4.8 
Mussa(ah area 
0-50 5 1 - 1 00  1 0 1 - 1 50 1 5 1 -200 2 0 1 -300 >300 
GOOD \1ODERATE U N H EA L T H  U N H EALTH \ VERY HAZARDOl lS 
'lonth FOR U H EA LT I I Y  Range . verage 
SE S I TI VE 
GROl P 
J a o  4 20 2 4 45-392 1 07 
F�b 1 1 5  6 3 4 48-500 1 46 
' t a r  1 4  8 3 3 3 52-396 1 42 
Apr 2 6 1 8  4 32- 1 75 1 1 6 
�ta, 7 1 2  1 2  8 1 - 1 98 1 37 
J u n  6 5 5 I 1 3  73-500 259 
J u l  2 I I  5 2 8 95-500 230 
Aug 5 1 4  3 6 75-480 1 86 
SeP 9 1 3  3 3 1 6 1 -431 1 38 
Oct 1 1 9  4 I 2 4 22-500 1 37 
�o' 3 1 2  8 6 1 44-234 1 09 
Dec 9 1 8  2 2 33- 1 97 73 
E 20 1 33 1 03 47 1 2  43 2 2-500 1 47 
% 5.6 37.2 28.8 1 3. 1  3.4 1 2.0 
Baleen area 
0-50 5 1 - 1 00  1 0 1 - 1 50 1 5 1 -200 20 1 -300 >300 
GOOD I\fODERATE l,N HE A LT I I  U N H EA LT H Y  V E R Y  H AZARDOUS 
Month FOR 1 H EA LTHY Range Average 
SE l T I V E  
GROU P 
Jan 1 5  I 2 2 2 27- 1 73 63 
Feb 6 1 9  I 2 37-500 1 0 1  
'tar 7 1 5  4 4 1 4 1 -332 95 
Apr 23 7 57- 1 38 89 
Ma\ 1 7  7 6 1 65-306 1 1 6 
J u n  5 7 3 2 1 3  66-500 263 
J u l  7 I I  7 6 7 1 -473 1 79 
A ug 1 0  1 3  7 I 8 1 -285 1 26 
Sep 1 6  1 0  2 2 65-4 2 1  1 22 
Oct 4 2 2  I 2 2 39-377 89 
1\0' 1 7  1 1  2 28- 1 32 52 
Dec 26 5 20-94 42 
E 75 1 6 2  6 5  33 3 27 20-500 I I I  
% 20.54 44.4 1 7.8 9.04 0.82 7.4 
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Table 5-4: AQI values at the three stations in 2001 
FECC area o ° 
0-50 5 1 - 1 00  1 0 1 - 1 50 1 5 1 -200 20 1 -300 >300 
GOOD \ t O D E RATE l N I J EA L T I l  l "" H EALTH\ \'ER\ I I AZARDOl S 
'lonth FOR l "N H E A LT H \  Raoge v e rage 
_ E I T I \' E  
G R O l  P 
Jan 2 1  1 0  - - - - 25-66 n 
Feb I I  1 3  2 2 - - 30- 1 87 68 
\ t a r  8 1 8  "' - - - 39- 1 37 70 
\pr I 26 3 - - - 44- 1 48 73 
"ta� - 24 7 - - - 54- 1 43 87 
J u n  22 3 3 - 2 59-481 1 1 4 
J u l  - 1 3  8 5 2 - 59-235 1 1 9 
A ue - 8 1 6  4 2 - 79-298 1 29 
Sep - 25 5 - - - 58-U4 82 
Oct - 20 5 - - - 5 1 - t J2 78 
'0\ 7 20 3 - - - 30- 1 1 0  6 5  
Drc 8 22 - - 1 - 37-230 65 
E 56 2 2 1  56 1 4  5 2 25-481 % 1 5.8 6204 1 5.8 0.6 83 4 1 04 
Mussafah area 
0-50 5 1 - 1 00  1 0 1 - 1 50 1 5 1 -200 20 1 -300 >300 
GOOD MODE R..\TE l I l'1 H E A LT l 1  l N l I EA LT l J Y  V E R Y  HAZARDOl ' S 
't on th FOR l ' N H E A L T H Y  Range A"noge 
E l'.SI T I \' E  
GROUP 
Jan - 3 1  - - - - 52-98 73 
Feb 1 1 8  8 1 - - 3 1 - 1 57 85 
'tar 1 2 1  3 2 1 I 47-305 1 00 
�pr - 1 8  9 3 - - 52- 1 86 1 0 1  
'18) - - 23 6 1 - 1 02-202 1 33 
J u n  - 2 1 5  7 6 - 80-290 1 6 1  
J u l  - 1 8 1 0  5 6 85-542 222 
A UI! - 4 1 2  3 2 2 83-.nO 1 57 
Sep - 1 6  7 4 - 2 77-4 1 5  1 26 
Oct - 1 7 8 - - - 67- 1 40 96 
"0\ - 1 8  9 3 - - 63- 1 69 1 04 
Dec - 25 - - - - 57-97 63 
E 2 1 7 1  1 02 39 1 5  1 1  3 1 -542 1 1 8 % 0.6 50.3 30 1 1 .5 4.4 3.2 
Bateen area 
0-50 5 1 - 1 00  1 0 1 - 1 50 1 5 1 -200 20 1 -300 >300 
GOOD MODE RATE UNll EALTH U N H EALTUY VERY HAZARDOl l S  
'lonth FOR U N H EALTHY Range Average 
SENSITI V E  
GROl P 
Jan 2 1  1 0  - - - - 3 1 -66 47 
Feb 1 1  1 3  2 - 2 - 34-224 7 1  
'\1ar 9 1 7  4 - - - 4 1 - 1 29 70 
Apr 7 20 3 - - - 4 1 - 1 38 69 
'\13" - 26 3 - - - 5 1 - 1 1 7  82 
J u n  - 27 3 - - - 55- 1 35 77 
J ul 23 7 - - - - I I -SO 37 
A ue - - - - - - --
Sep 2 5  5 - - - - 28-60 42 
Oct 1 8  7 - - - - 25-63 40 
"ov 28 2 - - - - 1 5-70 32 
Dec 3 1  - - - - - 1 4-30 22 
E 1 73 1 34 1 5  - 2 - 1 1 -224 53 
% 53.4 4 1 .4 4.6 - 0.6 -
96 
Table 5-5: The effect ora;r pollutants Oil human health in Abu Dhabi City during1999-2001 
pollutants Sig. 
Disea e S02 NO N02 03 CO PM10 of R-sq 
F 
Respiratory NS NS NS n. n:J NS NS O. U(J � 48% 
(+2) 
Non-respiratory 0. 004 NS NS NS NS NS (). 01 5 41% 
(+3) 
= not sign ificant 
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CONCL USIONS 
( 1 )  The crit ical pollutants were identified as PM I O. ozone and NOx. Both the 24-hour 
average and annual PM I O  levels were shown exceed to the air quality standards. Also, 
the ozone levels have shown an increasing tendency in maximum 8-hour values in Abu 
Dhabi city. Meanwhile, the NO levels increased at all stations, and the N02 leve1s 
e ceeded the annual mean standard. 
(2)  O2 and CO did not exceed the air quality standards. However, CO pollut ion that 
is mainly caused by vehicular emissions declined or was stable for previous years at all 
areas, de pite the steadily increasing number of vehicles. This could be attributed to 
improvements in traffic flow. 
( 3 )  The high values of NO were due to local vehicular emissions, power plants, and 
offshore/onshore industrial act ivities. 
Also,  the onshore/offshore o il activities contributed to the high levels of S02 and ozone 
in Abu Dhabi c ity. The high values of P M I O  in Mussafah are likely due to industrial 
activit ies. the massive movement of heavy duty vehicles, and bare land. 
(4) CO concentrations were very high in the FECC (commercial) area due to heavy 
traffic, fol lowed by the Mussafah ( industrial) area, and then the Bateen (residential) 
area. This indicates that the main source of CO in the Abu Dhabi c ity atmosphere was 
from the vehicular emission. 
( 5 )  I n  the summer there was a decrease in CO concentrations at both the FECC and 
Bateen areas. This was due to the decrease of the number of vehicles on the road with 
many people spending their summer vacations abroad. 
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( 6 )  There i a relatively strong inverse relationship between S02 and N02 with 
relative humidity Ie els in the Abu Dhabi city atmosphere due to the conversion of O2 
to ulphuric acid ( H2S04) and nitrogen dioxide to nitric acid ( HN03). 
( 7 )  itric oxide is a local pollutant coming from vehicular emission in both the 
FECC and Bateen areas. However, in the Mussafah area, it is coming from both 
industrial activities and vehicular emission. 
(8 )  zone levels were ery high at the Bateen area as compared to other areas, due 
to a decrease in nitric oxide levels. 
( 9) orthwesterly winds commg from power plants and oil fields (offshore and 
onshore), were the main source of SOl, N02, and ozone in the FECC and Bateen areas. 
As secondary source of  SOl, N02 and ozone is the southeasterly wind coming from an 
industrial area. 
( 1 0) I n  the Mussafah area, the most probable sources of pollution were the local 
factories other industrial activities, and some that came from onshore fields oil to the 
west . 
( 1 1 )  Most of  nitric oxide (NO) consumed a large portion of the ozone to be oxidized, 
becoming nitrogen dioxide (N02)' 
( 1 2) The PMIO  decrease in winter months was due to high levels of relative humidity 
that contributed to the aggregation of PMiO• This leads to its settling on the ground. 
( 1 3 ) The major source of PMiO in Abu Dhabi city atmosphere was probably natural, 
originating from windblown sand with a minor contribution of man-made sources, 
part icularly vehicular emissions and construction activities. 
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( 1 4)  From the air qualit index ( AQI ) values, the Mussafah area was shown to ha e a 
"bad" air quality, e pecially in the summer months as compared to the FECC area. The 
Bateen area had "good" air quality, with the best levels being recorded in 200 1 . 
( 1 5 ) AI 0, critical po llutants were PMIO and ozone in the FECC and Bateen areas, and 
PM 1 0  at the Mussafah area, according to AQI . 
( 1 6) During the summer vacation t ime (July to September), there was a clear 
decrea e in PM IO, 03, NO and S02 levels, most likely due to a high reduction in the 
pollution sources associated with vehicular emissions and other human activities. 
( 1 7) There was a strong association between ozone levels and patients admitted to the 
hospital due to respiratory diseases. I n  addition to this, there was an association 
between SO:! levels and patients admitted to the hospital due to non-respiratory 
diseases. 
( 1 8) There was no effect of  PM IO levels on human health in Abu Dhabi city. This 
likely being due to the fact that the PM I O  source was wind-blown sand. 
1 00 
CJ{JI prp/I( -7 
RECOMMENDA TIONS 
1. COlltrol orilldustrial sources orpol/ution: 
(a) ontrol emissions at the source, 1 .e.  possibility of controlling the 
emissions by new technology, by changing the process, changing the raw 
materials and modification of the process (as in the case of elimination 
of lead content in fuels). 
( b) Filters at the end of the ventilation system must be well chosen. 
(c)  The Environment Department must give more attention to the 
monitoring of air po llution inside factories so as to control the emissions 
of  pollution. 
(d) Provide more organized research into the nature of industrial arr 
pollution over all industrial areas. 
(e)  Develop control strategies where necessary. 
(f) However, consideration should be given to prevent the future expansion 
of towns and c it ies towards the areas of industrial emission sources, and 
consequently, the potential decrease in the air quality of the residential 
areas as a possible consequence. 
2. Vehicular management: 
(a) More attention should be given to traffic pollution i .e. fuel type and 
quality improvement for road vehicles. Also, trying to reduce the human 
dependence on motor vehicles. 
(b) Routine traffic counts should be made at least monthly at several 
different locations in Abu Dhabi city, as an approach to vehicle emission 
control. 
1 0 1  
3. Environmental laws: 
(a) Long tenn concerns and strict (good) air po llution articles and regulation 
in the bu Dhabi emirate demand immediate action be taken. 
(b) Enforcement of legislation and punishment of polluters according to 
type and inten ity of pollution. 
(c) Make plans and trategies for the control of in-plant air pol lution. 
(d)  Make a plan for a greener environment . 
4. Environmental education: 
( a) Develop a plan and programs involving the community. 
( b) Include an environmental component in the education program for 
different stages at schools and colleges. 
(c )  Establish educational programs for factory managers and workers to 
increase the awareness of air pollution. 
5. Protect human health: 
( a) Develop a forecast and alarm system, which provides aIr quality 
forecasts including potential emergency situations that shall be predicted 
and announced through the internet, TV, or radio as an air quality index. 
( b) Designate a specified area for newspaper distribution, such as the use of 
coin- operated machines for newspaper distribution in order to protect 
the distribution individuals at the road sections from air pollut ion. 
(c )  Construct ion workers should wear filters to reduce exposure to 
particulates and their negative effects while working. 
(d)  Further air quality studies should be undertaken for the purpose of 
changing the proposed air quality standards for Abu Dhabi emirate 
based on the gravity of its effect on human health. 
(e)  There should be collaboration work between the Municipality and the 
Ministry of Health in regard to the effect of air pollut ion on human 
health. 
1 02 
I 0, there are a number of fields which need more intensive work by the 
En ironmental Protect ion ection in the FECC as follow: 
(a) Acti ate and perform inspection programs all over the industrial area. 
( b) Carry out short-term monitoring surveys at different locations aU over 
Abu Dhabi emirate to establish a database so as to suggest the needs of 
expansion on fixed stations. 
(c )  Before deciding on the location to be used for arr monitoring, the 
Municipality should check on criteria of the locations to make sure of 
their appropriateness for air monitoring. 
(d)  I nstall a moisture removal system (automatic) at the old stations. 
(e)  Analyze the filters of gravimetric ( PM lO analyzer) to know the type of 
PMlO• 
(f) More organized research into nature and type of air pollutant, e.g. using 
the high-volume sampler to determine the concentrat ion of lead in Abu 
Dhabi emirate. 
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